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FIEIJ) EXPElilMENTS ON THE DETERIORATION 
OF SCOTCH POTATO SEED IN ENGLAND 

W. BROWN AND V. H. BLACKMAN. 

{Department of Platit Phifsiologjf and Pathology^ Imperial College 
of Science and Technology^ London.) 

(With 3 Text-figures.) 

Intro i)ucTioN. 

Tin*: irioclerii vit*w of tlu* (i<^t(Tioratiou, i.e. loss of yit^ldiiig j)C)wer, of 
j)oLito stru'.k.s is that it is the result of inf(‘ction with various ty])es of 
virus disease (mosau*, leaf-roll, eriiikh^ stnadc, etc.). Numerous workers 
have brought- forward evidence iu sujjport of this view’, but particular 
iiu'idion sliould be inad(‘ of the w'ork of Schultz and Folsom in America, 
of (^luanjer and Botj(‘S in Holland, and of Mur])hv in Ireland. This theory 
of pr)t<ito deterioration -l>oth as regards stocks in a particular localitv 
and as n'ganls tin* total stock (d' a particular variety—stands in oppo¬ 
sition to tin* older tin'orv in which deterioration is ascribed to jiurely 
physiological causes. This physiological deti'rioration has been supjiosi'd 
to be brought about in various ways. It is suggc'sted that tin* potato, 
being esM*ntially a plant of (add (*liinat(‘S, exhibits a disordered meta- 
bolivsrn when growui un<h*r w^arm conditions, with the n'sult that deteriora- 
lion ('iisues. Hence it is n(*cessary <o import fn*slK more vigorous st(;ck 
from cold(‘r latitudes. A n'fiinunent of this th(*ory is that deterioration 
is <lue to tln^ over-ri]>(‘ness of the ‘\s(*e(r' of plants growm under w*arm 
conditions, wdth the (*orollary that it is jiossible to check the onset of 
d(*terioration by tiu^ use of early-lifted, i.e. immature seed. It is wh*11 
known in laid- that under English conditions, early-lilted seed in many 
cases giv(*s a heavi(*r yitdd than does late-lifted s(‘ed from the same slock, 
ft should be noted, how’ev(*r, that the great(*r poten(*y of (*arly-lifted s(*ed 
is easily ex])licable on the disease tlnwy of deterioration inasmucli as tin* 
early-lifted s(*ed escapes the infection whiidi lakes place during tin* later 
part of the growdng season, and therefore gives a progeny freer from 
disease than does the late-lifted seed. 

The aim of the wn^rk to bo described in this paper wuis to carry out a 
series of carefully controlled weight tests over a period of years, with a 
Ann. Biol, xvii 1 



2 Deterioration of Scotch Potato Seed in England 

view to furnishing evidence bearing on the nature of potato deterioration. 
More particularly, it was proposed to examine what effect immaturity 
of seed (as obtained by early lifting) had on cropping power. It is clear 
that the ideal arrangement in such a programme would be to grow 
potatoes free from virus disease—and to keep them free—over a number 
of years in England under a variety of physiological conditions, and to 
use material so derived for inter-comparison and for comparison with 
healthy material newly imported from the North. Such a scheme is, 
however, very difficult of realisation. Even the best of seed material 
commercially available is not completely free from virus disease of oiu', 
kind or another. Nor was it always possible under the conditions of this 
work to ensure adequate segregation of the experimental plots from 
highly infected material in the neighbourhood. It is not surprising that 
virus disease made its appearance, in some cases more prominently 
than in others. It was impossible, therefore, to study the problem in the 
clear-cut manner indic'.ated above; nevertheh'ss, even with virus disease 
present, certain broad conclusions could be drawn), as is shown below. 

General plan of experiment. 

Seed maieriah 

Seed of high quality w^'as obtained from the north of S(‘othind (Nairn) 
and planted in three localities in England, viz. at the Kothamst(‘d Experi¬ 
mental Station, Harpenden, Herts, at the South-eastern Agricultural 
College, Wye, Kent, and at the Harper-Adams Agricultural (^olleg(>, 
New]:)ort, Shropshire. Threti varieties were grown at each ])laeo— Great 
Scot, Kerr’s Pink and King Edward. 

The experiment was begun in the spring of 1922 and was planned in 
the first instance to run for a period of three years. The t}in»(*-year period 
was chosen as it is a common practice in English potato-growdng districts 
to use home-grown seed which is at most one year removed from Scotland. 
General experience is, therefore, that deterioration sets in during the course 
of the third season’s growth. 

The procedure was the same for all three varieties and was sub¬ 
stantially the same at all three places. It will be sufficient to describe 
the procedure at one place, e.g. that at the Wye College. 

A compact plot (about ] acre) was planted with freshly imported 
Scotch seed of the three varieties in the spring of 1922. From this 
plot seed was lifted at three stages of maturity: (1) very early, (2) medium 
early, and (3) at the normal time. The first lifting was made at about the 
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time when tubers of normal seed-size (seven to the j)oun(3) could be 
obtained from the young plants. Generally speaking it was not prac¬ 
ticable to ensure that all of the very early-lifted seed was of normal seed 
size, so that the average seed of this type was distinctly small. The 
medium early seed was lifted about a month later than the preceding, 
and about two months in advance of the normal lifting. The actual dates 
for the plots at Wye were: 

Bate of planting . May 1st 

Very early lifting . July 17th 

Medium early lifting. August IGth 

Normal lifting. October 31st 

An additional experiment was designed with a view to testing the 
effect of reduced insolation on the growing plants. For this purpose a 
limited number of plants {circa 30) of each variety were grown under a 
screen. The screening material, which was a light white canvas, was sup¬ 
ported on the top of a wooden framework, and it was also carried down 
9 inches on all sides. Apart from the uppermost 9 iiiche.s, the sides and 
ends of the framework were open. The height of the framework when in 
])osition was about 1 feet, so that the growth of the plants was not 
rcstri(‘t(‘d. The position of the screen was such that the ])lant-s beneath 
it were protected from direct sunlight during the hotter hours of the day. 
The shiuled plants thus grew under conditions of reduced sunlight and 
with the soil at a lower temperatun* than usual, ij\ conditions w^hich 
tended to approximate to those obtaining in Scotland. These* plants, as 
might be expected, shovred a somewhat drawui apy)earance and wa=‘re 
definitely later in rip(‘ning. It is of interest also to record that tluy were 
less attacked by blight Ilian were jJants of Ihe same variety growing in 
the opi'n clos(' by. This effect may have been due to the later ripening of 
the screen(*d plants, or to the latter being yirotected from dews and light 
rains. It may also be that the screims to some extent pre\'(‘nted the 
deposition of spores of the blight fungus. Seed from tin* screened plants 
w^as lifted in all cases at the time of normal lifting. 

Thus at tlie end of the 1922 season the types of seed saved were as 
follows : 

Very early lifted .VKj 

Medium early lifted.-- MEj 

Lifted at normal time .^ 

Screened (and lifted at normal time) - Sr^ 

The suffix indicates that each type had been grown one year in England. 

1—2 
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In 1923 a fresh importation of Scotch se<‘d, from the same district in 
Northern Scotland, was made and planted out alongside the se(*d types 
listed above. A certain number of yield tests were made (see later), ])ut 
the greater part of the material was reserved for seed for th(‘ following 
year. The VEj material was again lifted very early, the MEj was lifted 
medium early, and the Sr^ type was again grown uudcT a screen and 
lifted at the normal time. The types of seed available at the end of 1923 
were therefore as follows: ME^, Sr^, No and N^, the last lading the 

produce of the fresh Scotch seed which was im[)orted in the spring of 
1923. The suflixes, as before, indicate the number of years that the 
particular seed had been grovrn in England. 

In 1924 an elaborate weight test w^as carried out. A furth(‘r importa¬ 
tion of Scotch seed w^as made as before, so that the full list of typers tested 
was as follows: 

S, fresh Scotch seed; 

Nj, one year growui in England and lifted at normal time; 

Ng, Srg, VEg, MEjj, all grown two years in Englaml and respectively 
lifted at normal time throughout, screened and lifted at normal time 
throughout, lifted very early throughout, and lilted medium early 
throughout. 

At Kothamsted and Harper-Adaras (College, the same plan was ado})ted 
with the simplification that at ihi) former ]>la,ce only on(‘ early lifting was 
made, and at the latter the screening experiment w^as omitted. 

Lcuf-oat of field tests. 

For weighing purposes, the standard “j)lot * cojisist(‘d (»f tw<‘nty 
plants spaced evenly along 25 feet of a furrow. T1 h‘ ]>lan of the lay-out will 
be more clearly understood by reference to Fig. 1 whieli re])n‘S(‘nis ii 
small central portion of the ex])(‘rimental lichi at llothajusted in 1924. 
In this case fourteen furrows wrere drawn aeross the field, and along these 
the various seed types wvve planted as indic^atcnl iti the figure. The* 
number of replications is shown below^ (v. Table IJ). Jtows 1 and 14 wer<* 
planted with Scotch seed and w’ere used simply as guard rows, i.e, the 
produce of these was not weighed. Oay)S of al)out 1 yard w(‘rc left bet W(‘en 
each series of plots, as shown by dotted lines in the figure. The first few 
yards at the ends of the furrows where greater ine(‘iiani(*al injury was 
likely to take place in the course of cultivation, w’ere planted up with 
Scotch seed only and were not included in the test. 

The various types of seed followed in succession, as show^n in the 
figure. Some of the types, e.g, the screened, and to a less extent the 
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early-lifted, were available only in limited quantity. When these were 
exhausted, the nqdication was continued with the remainder. The com- 
])arisons an; thus more complete for certain types of seed than for others. 
The numl)er of such plots in 1924 at Wye when the main test was made 
was 298. The number at Itothamsted and at Harper-Adams College in 
th('. same year was of the same order but somewhat less. 

Each ])lot of twenty plants was lifted, cleaned and weighed separately. 
In this main test., all the plots w(*r(‘ lifted at tin* normal tinn*. 


1 4 



Fi'j. 1. Hhowinu layout i>f expuimont at Kotliamstod ExpouniontaJ Statuui iii 

UUt; fuuitccu t'iirroyys are sliowu. S, fre.sh StH)teli stM'd; Nj, st‘ed jjrHvyn one year iii 
and lifted at noiinul time; N.j, as Nj Iml ^rrown two jyeais in ICn.iiland; 
jjjrown lyyo ye<us m Eiiuluml and lifted at a medium eail3' date. 

Nof/Hniuj, The ty[)cs of seed A\hieh have been described above rej^re- 
sent all thost^ which were carried through to the tiuish of the experiment. 
To begin with, howt*v<*r, a somewhat wider scope was envisaged, and a 
test was to be carried out of tlie effectiveuess of a st'heme of rogueing in 
checking the spread of virus diseases over a plot which was liable to 
infetdion from diseast*d material growing in the neighbourhood. For this 
reason iln^ original mass plots, as planted in 1922, were placed in the 
neighbourhood of ydots containing a high percentage of diseased plants. 
For example, the plot at Wye w'as surrounded on three sides by such 
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highly diseased material. It was proposed therefore to have, in addition 
to the seed types already mentioned, such further tyj)e8 as (1) seed 
from the neighbourhood of diseased material, and which had not 
been rogued, (2) similar seed which had been rogued. It soon became 
apparent that with the experimental area available, the multiplication 
of seed types, some of which would be ex])ect(‘d to become highly 
diseased, would defeat the object of the experiment. Accordingly the 
scheme was soon simjJified, but not before a certain amount of otherwise 
avoidable infection had taken plac('. The schhI that was actually raised 
in season 1922 was taken from a part as far removed as possi])le from the 
surrounding diseased material. The maximum dinstance was about 
20 yards, and in the case of one variety was only 10 yards. It is very 
doubtful if this degree of isolation can be described as safe. At any rate 
it is clear that unnecessary risks of deterioration from virus disease in¬ 
fection were run in the first year. In subsequent years (jontamination 
from inferior material was avoided as far as circumstan(‘.es would admit. 

In order to chech the spread of virus disease among the seed stocks 
a definite scheme of inspection and rogueing was carried out. The plots 
were given three rogueings during ea(*h growing season, the first when 
the plants were about 6 inches liigh, the st^cond about a month later, 
and the third amionth later still. It is obvious that the above cannot be 
considered a fair test of the effectiveness of rogueing as a means of con¬ 
trolling virus disease. More numerous inspections and rogueings, with a 
view to eliminating diseased plants as soon as they were apparent, would 
clearly be more effective. 

During the early course* of this work, viz. from 1922 to 1924, the aim 
was to test the effect of various treatments (early lifting, shading) on the 
yielding ca})acity of seed. From 1925 to the pr(*sent date the ex]>eriment 
was continued with a somewhat changed objective, viz. to see how far 
the yielding power of seed grown in England could be maintained at the 
standard of Scotch seed by annual rogueing. For the sake of (‘learness 
the results obtained in these two tests will be described s(*paratcly. 

Effect of early lifting and shading on the yielding 
CAPACITY OF potato SEED. 

1. Rothamsled experiment. 

1922. The plots at this station were planted in the form of a long strip 
with potatoes along one side and turnips along the other. The seed for 
the following year was taken from the side of the strip m^xt the turnips. 
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It is perhaps on account of this original lay-out that virus diseases were 
more effectively held in check here than at the other two stations, 

1923. The seed saved from 1922, viz. MEj and Sr^, together with 
fresh S seed, was planted out in the midst of a fi(dd of Kerr’s Pink 
potatoes (Scotch seed). The amount of disease shown in the various plots 



Fig. 1*. Thrvo graj>liM showing the yield (lb. per jilot of twt*nty plants) of Kerr’s Pink 
(K.P.), (1 roat Scot and Kiiijj Edw^ard (K.E.) at Kothuriisted in For 

each variety, the yields of eight plots of fresh Seoteh seed (S) and of seed grown one 
year in Phigland an<! lifted at the normal time shown; the N and plots were 

arranged alt<.‘rnat<‘ly across the field. 

was negligible viz. out of 2400 plants, three plants showing definite 
symptoms of leaf-roll were rogued out. These were all present in seed of 
the type. 

A comparison between S and seed of the three varieties gave an 
interesting result. It is commonly stated by potato growers that one- 
year grown (Nj) seed generally yields a heavier crop than does fresh 
Scotch seed. Confirmation of this belief is seen in Fig. 2, which represents 
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the yields (in lb. per plot of twenty plants) of alternating plots of S and 
Nj seed of the three varieties. It will be seen that the Nj plots in nearly 
every ease outweigh the S plots. The n^sult is perhaps most clearly shown 
by joining up the consecutive S and N, points separately, as is done in 
the figure by the dotted lines. The superiority of the sec'd in yielding 
power over all the S seed is seen inasmuch as the curves joining up the 
Nj points lies everywht're above the S curve, with a single exception at 
the left-hand extremity of the King Edward sc'ries. 

The statistical data, for this comparison are giv(‘n in Tal>le T Ix'low. 

Tal>lc I. 

A rompariffo}} of tJir //irldiHg pourrs (f fresh Seofeh (S) (uu! onr-ijear growu 
{Nfj seed. The weau ireiffhf per plot with the prohrdde error is (jiven. 


V’nrietN 

Typo of seed 

No. of plots 

Nr>. of plants 

Av. wt. 
per ])iot (11),) 

(tmit »Sc()t 

S 

s 

157 

:ii :ti ' oot 

,, 

N, 

8 

150 

:J5 88 1 M2 

Korr’a Pink 

S 

8 

lOU 

:};k75 1 (t-85 

,, 

N, 

8 

158 

;i044 t 1 02 

Kinc Edward 

S 

8 

157 

:io*8i 'o:i:i 


Ni 

8 

150 

.‘U'll -1 OHH 


The difference in favour of the one-year grown (N,) six'd is statistically 
significant for all three varietievs. 

It should bo stat(‘(l that the Nj setxl had l)een ke])t in trays over 
wint(‘r, so that good sprouts were prestnit at the time of ])la])tiiig. The 
S s(*ed, on the other hand, was only brought south in th(‘ spring and 
j)lant.ed straight from the bags, so that any sprouts wfiich wm'c pn^sent 
were liable to be damag(*d or l)roken off. It is probaldc Ibat. a, go at d<‘al 
if not all of the difference obsc'rved could lx* (‘X})lain(‘d on th(‘ basis of 
th(*se different modes of trcatm(*nt. 

The av<'rage yi<dd of the forty-(*ight plots is approximately 31-5 lb. 
With tin*, spaciing adopted this corresponds to a yield of 9*5 tons to the 
acn*, i.e, to a good average crop. It may ])e aflded that unless in th(‘S(^ 
ex})eriments a good average* croj) was r(‘alis<‘d from se(‘d of good quality, 
no significance was attached to any comparative results that might be 
obtained. 

1924. The types of seed planted were S, Nj, Ng, ME^ and Sr^ for each 
of the thr(*e varieties. The fresh Scot(;h seed (S) v-as brought down (‘arly 
in the year and sprouted in trays like the r(*maining types. All the seed 
was thus well sprouted at the tinn; of planting. The numb(*r of plots of 
each kind is shown in Table II. 
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Table II. 

Showing number of plots of each type of seed {Itothamsled, 1021). 





Typos of seed 


Variety 

S 

Nx 

N, 

mi, 1 

Groat Scot 

24 

24 

24 

S 

Kerr’s Pink 

24 

24 

24 

S 

King Kdwarci 

24 

IS 

24 

2 • 


N<*itlior the MEg nor Sr.^ tyji(\s of seed could l)e tcisted as thorouglily 
as the others on a(HH)U]it of lack of suflichuit st*(id. 

Th<* amouTit of virus diseasi* deto<^t<*d in the jilots was comparatively 
small, and especially so in th<‘. Great Scot variety, though it was greater 
than was anticipated from the almost complete fn*edom from disease of 
th(‘ plants of the pr(‘vious year. All th(‘ available set*d was used up in 
the elaboratt? weight test siu’ies des(;ribed above, so that when it was 
d(‘(*id(‘d durin<^ tbe course of the season to carry on the work for soim^ 
years longer, a ('(*rtain amount of roguein^ was deemed advisabl(‘. This 
was (lone at tln^ tirst inspindion (June 25th). At the subse(]ucnt insp(T> 
tions furl Inn* inIVeted plants wen* noted but not n‘mov(*d. The actual 
numlxT of plants nnnoved is indicated in tlie various tables below. The 
cornx't proc(‘(]ur(*, of coursi*, w'oiild be to rogin^ tin* plots from wlii(*h the 
billowing y(*ar's se(.‘d was to be oldained and to l(*av(‘ iinroginsl the plots 
for the current year's vv(*ight t(‘st. The plan adop1(*(l w^as in the natun* of 
a. (.‘ompromise, and though it w’as not ideal it will a])pear that the con¬ 
clusions to be drawn from tln^ data w'ere not s(*riously affected. 

For convenience of ])resentation, only tw o typ(*s of virus disease wull 
be noted, viz. leal-roll (L.lb) and mosaic type* (M.T.). The latt(*r t(*rm is 
to b(‘ taken as including mosaic, crinkle, streak—in fact all forms of virus 
disease otln*r than leaf-roll. This grouping is practi(*ally necessary as the 
synonymy of tin* virus diseases of potato other than l(*af-roll is far from 
s(*ttled. A furth(*r difficailty in determining the amount of inb‘station 
with virus dis(*a,se is that the symptoms are often so slight or indefinite 
that it. is difficult to say off-hand wdiether disease is pres(*nt or not. Cas(‘s 
of this kind are mdicat(*d below" by a qu(*stion mark. It is obvious also 
that many plants showing slight symptoms of disease w"ould be passed 
as healthy, especially under the conditions of fairly rapid inspection 
which was all that W'as practicable in carrying out the work. Accordingly, 
the figures given in the tables undoubtedly understate the amount of 
virus disease actually present. On the other hand, they re]m\s(*ut fairly 
the condition of the plots as regards virus disease in its mon* definiti* 
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forms, and it is probably only in such forms that virus disease seriously 
affects the yielding capacity of the crop. 

The relative infestation with virus disease and the yielding capacity 
of the various types of seed will now be given for each of the three varieties 
(Tables III to IX). 

Great Scot. 

The amount and kind of virus disease present in the various plots are 
given in Table III. The ligures in the last column represent roughly the 
percentages of dejinitelif infcicted plants. 


Table III. 


Amount and kind of virus disease present in plots of Great Scot, 


JO of seed 

No. of plants 
(apj)rox.) 

vS 

480 

N, 

480 

N, 

480 

MK, 

100 

Sfj 

40 


Disease pi*esenfc % diseased 
0 0 

aL.R. + l ?L.U.+3 ?M.T. <1 

2 L.Ii. f 1 ? L.R. f'2 M.T. < 1 
1 L.R. -f2M.T. i 7 ?M.T. 2 

0 0 


The corresponding yields per plot (except for the screened seed) are 
given in Table IV, 


Table IV. 


Yields {with probable errors) of four types of Great Seal seed. 

Type of seed No. of plots No. of plants Av. wt. p(a* }>lot (lb.) 

S 24 406(400) 3M5:i.05a 

Nj 24 404 (409) :j2-70:i:0-73 

Nj 24 450(400) :i085:t0-07 

.MKg 8 155 (155) 33 70 10-92 

The number of ])lants planted was 480 for the first three tyf>es and 
IGO for the last. The figures in the third column of the above table give 
the number of plants actually present at lifting time; the figures in 
brackets give the numbers which would have been present if a certain 
amount of rogueing had not been carried out. None of the average weights 
as given in the fourth column differs from any other by an amount which 
is statistically significant. If a correction is made for the plants rogued 
out, either by allowing for them the average weight per plant, or what 
would perhaps be fairer, by allowing half the average weight, the con¬ 
clusion is unaltered, viz. that there is no significant difference in the 
average yields of the four types of seed. Furthermore, thcTe is no sug- 
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gestion in the figures that any of the three types of English-grown seed 
is yielding loss than the Scotch seed. 

The plots of screened (Srg) seed^ were too few to allow of statistical 
tre*atment of the results, but the following figures show that the screened 
seed gave a yield practically the sanu? as the Ng seed growing alongside. 

Srg (2 plots). Av. wt. -= 29-3 lb. 

Ng (2 plots). ,, “ 28*6 „ 

Kerrs Pink, 

Th(‘ })revalence of virus disease was distinctly greater than was the 
case with the preceding variety. Table V gives a record of the amount 
and type of disease present. 

Table V. 


Amount and kind of virus disease present in jdots of Kerr's Pink. 


l^ype of seed 

No. of [ilanls 
(approx.) 

l)i8oa.sed plants 

% diseaiiod plants 

S 

480 

1 M.T. + 1 ? M.T. 

0-1 


480 

1 L.K. + 3 ? L.R. 4^22 M.T. +2 ? M.T. 

5 

N, 

480 

6 L.R. t 16 M.T. 4 2 ? M.T. 

5 

ME, 

160 

8 M.T. 

5 

Sr, 

40 

1 M.T. 

2-3 


The corresponding yields p(ir plot (except for the screened seed) are 
given in Table VI. 

Table VI. ■ 


Yields {u'Uh probable errors) of four types of Kerrs Pink seed. 


pc of hochI 
S 

N, 

N. 

•ME, 


No. of pldts 
24 
24 
24 
8 


No. of plantH 
469 
452 
441 
158 


Av. wt. per plot (11>.) 
37-2310-64 
32-8210-55 
34-54 10-59 
37-90 } 1-30 


In this case both the Nj and types show a significant falling off in 
yield compan^d with the S type. An appretaable number of plants were, 
however, rogued out in this series, and some allowance should be made 
for them. On the basis of an allowance of half the avtirage weight per 
plant for those which were rogued out, the figures are as in Table VII. 

As now calculated, the yield of the type of seed is significantly less 
than that of the Scotch seed, whereas that of the is no longer so. Even 
when full average weight is allowed for the plants rogued out, the differ¬ 
ence between the yields of S and seed is significant. 

^ It is to be noted that this stock was grow'n under the screen in seasons 1922 and 1923, 
but that it was planted in the open, side by side with the other types of seed, in 1921. 
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Table VII. 


Correcled yields for four types of Kerr s Pink seed. 


Typtt of 
Heed 

No. of plots 

No. of plants 
(corrected) 

Av. wi. per plot (ll>.) 

S 

24 

471 

i 002 


24 

407 

53 20 i 0-54 

N, 

24 

459 

35-27 -i.0 00 

Ml-Ij 

8 

15S 

37-90 ! 1-30 


The figures giv<*u in Tab)(‘s VI iind \dl a falling off of the 

N| and N 2 types as eompanal with fr<‘sh Scotch se(‘d, though on tlie data 
available this det(‘riorjition is oidy statistically significant for the N, 
type of seed. That the type should apparently (hderiorate more than 
th(‘ N.j typ(‘ is reniarka])l(‘, but it is not cltair what iiKaiuing is to be 
atta(^hed to the apj>arent difference, ft is not(^worthy also that th(' ME^ 
type of seed shows no (‘videnci* of dtderioration even though it (H)nlains 
more or less tlu* same j)ercentag(* of diseast'd plants as the Nj and N 2 types. 

Tlie comparison of the screened (Sr 2 ) seed with the corn‘sponding 
normal (N^) se('d growing alongside gave th<‘ hdlowing tigurt‘s: 

Sr 2 (2 i)lots). Av. wt. 2S*() lb. 

N 2 (2 plots). „ lb. 

The number of plots is too small to allow of the significance of these 
figur(‘s being estimated, but at any rate there is no indication that tin* 
protection from high temptuatures afforded to tlu^ ])lants in th(‘ [)rec(‘ding 
y('ars has in a-ny way increas<*d th(‘ir yielding f)ow<‘r. 

Khy Edward, 

The perctmtage of ])lants showing virus disease was fairly similar t-o 
that shown by the Kerr’s l^ink plots. The natord of tli.sea.s(*d plants is 
given in Table VIII. 

Table VIII. 


Amount and kind of virus disease present in plots of King Edward, 


'^rypo el s<ictl 

S 

N. 

N. 

ME 2 

Sr. 


No. ol plants 
(apjH'ox.) 

480 

aiiO 

480 

40 

40 


DiaeaHod plants 
1 VM.T. 

l h.R. 4-10 xM.T. F 2 

r> U . H , i 2n ai.t,4 i:j ?m.t. 

1 M.T. 

2 M.T. 


, cljst'ased plants 
0 
5 
0 

r> 


The yields of tlie three types of seed. S, N, and N,,. were d(*terniine<l over 
a series of eifrhteon [ilot replications. The results are given in Table IX. 
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Table IX. 

Yields {with probable errors) of three types of King Edward, seed.. 


I’ypo of sot’ll 

No. of plots 

No. of j)Iaiii.s 

Av. «t. JH’I 

S 

IS 

:h9 

2i»-22 ■! 0-42 

N. 

IS 

3r,i 

27’S3±()’48 

N, 

IS 

;323 

27-53 ±0-72 


Both 1h(‘ English-grown types of seed show a falling off in yield as 
c*om])ar<‘d with the Scotch, but in neither case is the drop statistically 
significant. The yield of th(i No type is unduly low on account of a some¬ 
what ])()or stand of plants (from causes unknown) and it. is not ch'ar that 
tlu‘re is in this case any falling off in yield significant or otherwise. In 
s]>ite, t h(‘r(*for(‘, of a C(*rtain percentage {circa 5 ])er cent.) of virus-infected 
])lants among tln‘ Englr^h-grown King Edward plants, th(;re is no clear 
evidence of any deterioration in yi(‘]ding power. 

Only two plots ea(‘h of ih(‘ early-lifted (ME 2 ) and screened (Sr.^) types 
of s<‘ed vv(*re available for comparison. The r(‘sults for these and for the 
two rows of No s<'ed gnjwing alongside were as follows: 

No (li plots). Av, w1. -- 2(S-() II). 

MEo{'J plots). - :m-8ib. 

Sfo (2 plots). - - ‘it-o lb. 

The dupli(‘at(' plot ^ \n (*r(‘ not in good agreennnit so that t he .'significance 
of th(‘se figun's is doubtlul. As n*gards the screened sisnl, how(‘ver, the 
figures do not indicate any diftVrence from the behaviour of the other 
two varhdies. 

2 . Wyc experiiNenf. 

1922. Tliat the plots at Wye in 1922 wen* ex])os(‘d to consid(*rabIe 
risk of infection has alr<‘ady been stated (p. t>); this is in all probability 
one of the reasons why the plots at this eentre have shown in siibse<juent 
y<‘ars a great<*r d<‘gr (‘0 of infeet ion with virus dis(‘as(' t han tin* eorre- 
spomiing plots at Itothamsted. The types of s(‘ed lifted were the same as 
at the latter cemtre. with the addition of a very early type (\'E). 

192'L The }>ro[)ortion of leaf-rolled plants present in the ])]ots, especi¬ 
ally in tliosc of King Edward, was in marked contrast with that shown 
at Hothamsbvl. Table X sliows the data for the ])lots of Ur(‘al Scot and 
King Edward. 

The presence of 3 per cent, of loaf-rolled plants in the plot of Scotch 
King Edw'ard was very exceptional, the general experienc'e in this work 
being that the seed from Banffshire was of very high (piality. 
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Table X. 


Percenlage of Icaf-roUcd plants in plots of Great Scot and King Edward. 
Typo of seed Groat Hoot. King Edward 


0-3 


Nj 2 7 

VE, 2 2 

1-5 06 

Hr^ 1 3 


The plots of Kerr's Pink were practit'aJIy free of leaf-roll, there being 
only two diseased plants in the whole series of plots of this varitity. 



Fig. 3. Graphs sliowing yiolds <>t (hoat Hoot, Korr’s Pink, and King Edward potatoos m 
1923 at Wye. S and N, as in Fig 2; VE^, so(‘d liflfd \c'rv oarl\ and grown oin* year 
in England; MEj, seed lifted inedinm early and grown one year in England; Hij, 
from screenoil plants grown one year in England. 


An xinfortunatc cireumstance in the history of these plots was that 
there was considerable intermixture witli self-sown rogues over a certain 
area of the plots. Care, was always taken in this work that the. potatoes 
did not succeed a potato crop of the preceding year, but in this instance 
the presence of rogues was found to be due to potato fragments among 
the farmyard manure used. Practically all these rogue plants (fifty-two 
altogether) showed some form or other of virus disease. They were 
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removed at the first inspection (June 22n(l). At this date only tew 
aphides were observed, but nevertheless it is not improbable that some 
infection had already taken place. 

As the majority of the material was reserved for seed for th(^ following 
year only a limited number of weight tests was carried out. The data 
are too few to warrant statistical treatment, but certain conclusions are 
indicated, as may be seen from Fig. 3. If we consider the three varieties 
together, it is seen that out of nine comparisons between S and Nj ]:)lots, 
the yield of the latttu' exceeds that of tin* former in eight cases. This is 
a further indication of the rule found to apply at Kothamsted, that the 
one>year grown seed yields somewhat- more heavily than fresh Scotch 
seed. A second feature, also shown in eight cases out of nine, is the dip 
in the curves at the point corresponding to the very early lifted (VEj) 
type of seed. Though this is the only occasion on which this effect has 
})(*en ot)served, the agreement among the curves indicates that very 
early lifted seed may be inferior to late-lifted seed, even though it may 
contain a smaller ])ercentage of diseased plants (see figures for King 
Edward vari(*ty in Table X). The very (^arly lifted seed in this case was 
lifted on July 17th and was thus very immature. The result of this tost 
so far as it goes thus su])]K)rts the view of Murphy and McKay^, which 
is that V(*ry immature se(Hl, in the absence of virus disease, is intrinsically 
inferi<»r to seed Iift(*d at tlie normal time. 

1924. On account of the considerable irifestation with virus disease 
which became obvious during the growing season, tlie weight test plots 
w(Te not rogued, but a number of plots, which had originally been laid 
out for w(*ighing, W(Te severely rogued and used soleh* for the su])ply of 
seed for the following year. 

In the. Great Scot variety, about 5 jier cent, of leaf-rolled plants were 
present in the plots of one- and two-year English-grown mat ('rial. The 
other two vaihdies showed somewhat more, uj) to 10 ])er cent, in some 
plots. Tht' commonest tyjic of virus disease was, howevi’r. of the mosaic 
type, viz. a kind of streak^. This disease was undoubt(*dly present in a 
mild form in th(' preceding year, but had now become much more widely 
spread and produced more distinct symptoms on the attacked plants. 

* Murphy, P. A. and McKay, R., ‘‘InvcstigatioiiB on tho licaf Poll and Mosaic DiscaHos 
of Uio Potato.'^ Journ, of Dept, of Land^ and Agric.^ Irish Free Staie^ xxv, No. 2, 18. 

* Tho type of streak is that known as “loaf-drop” streak. It is not tho “stippii* streak ” 
of Atanosoff (Meded. Landbouwhoogfschool^ WageningeUy xxn% No. 5, p. li)22). The 
affected plants do not succumb to the disease in tho manner rharactonstio of “sti}>ple 
streak,” “I.ieaf-drop” streak and its relation to other virus diseases, such as mosaic and 
crinkle, are far from clear. Compare footnote on p. 20. 
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The general effect of this disease being to cause the premature death of 
the haulms, a rough idea of its j)revalence was obtainable by counting 
towards the end of the season the number of prematurely ripened plants. 
A sample set of figures, obtained in this way, is shown in Table XL 

Talde XL 

Pcrcenlagc offdhj ripened plants on Septewher dth. 

% of riponod plants 


JSiicd tyjxj 

(.Treat »Scot 

Kerr’s Pink 

S 

1 

2 

N, 

40 

54 

^2 

:i2 

44 

VK, 

11 

47 


25 

OS 

Sf.. 

30 

5.5 


It is not certain that all the faded plants wen* inf(‘et(*(l with virus 
disease, though undoubtedly most of th<‘m W(‘re so. Tabh^ XI clearly 
shows how all the Knglish types of seed showed up badly in this r(^sp(‘c,t 
when compared with the fresh Scotch s<‘ed. A g('neral r(;vi(‘w of all the 
])lots of all the varieties showed that the VKg ty])e of seed was (*(‘rtain!y 
less infect(Ml than any of th<‘ other English-grown types, ])ut tin* dilTen'iict^ 
was not always ch*arly marked. 

The results of the weight tests are given in Tables XII, XIV and XV 
below. 

Tal>le XII. 

Yields (with probahlr errors) of six tapes <f (lre<ft Sent seed. 


Seed t.v])C 

No. of plol 

is No. of plant.s A\. 

vvt. ]>er ])lot 

S 

11 

210 

41-8 { 1 10 

Ni 

11 

205 

31-5 t MO 

Nj 

11 

201 

20 0 -1 0-07 

VE, 

10 

100 

38 S ^ 1-50 

me. 

10 

107 

32-7.1 1-38 

Sr^ 

0 

113 

31-71 I-IH 

Calculation from the dak 

1 of Table XU show?; 

5 that definiti* deteriora- 


lion has taken ])lacc in the Nj^, ME^ and Sr.^ types of seed as com¬ 
pared with that fresh from Scotland. The yield of the VEg type of s(mmI 
is also less than that of the Scotch, but the difference is not significant. 
On the other hand, the yield of the VEg setid is significantly greater than 
that of the Ng type, thus proving in this case the advantage derived from 
early lifting. 
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An examination of the figures in the third column of Table XII and 
of Tables XIV and XV below shows that the number of plants present 
at harvesting time relative to the number planted is less for the seed 
types Nj, Ng and Srg than for the other three types The data are brought 
together in Table XIII. 


Table XIIL 


Percenlagc germination^^ of different seed types. 


Seed typo 

Groat Soot 

Koit's Pink 

King Edward 

S 

!)8-2 

98-0 

100 


m2 

90-9 

91 8 

N, 

91-4 

90*0 

88-(> 

VI.:, 

99-5 

98-3 

99-5 

Ml-:, 

98'0 

98-9 

97-3 

vSl'o 

94-1 

88-8 

80-0 


The cause of the higher percentage of "'missevs” among the late-lifted 
English tyj)es was probably the presence of the potato blight fungus on 
the sets. When a correction is mad(* for this irn^giilarity of sprouting 
by giving full value to the missing })Iants, the conclusions derived from 
Table XIJ above and Taldes XIV and XV below are unaffected. 


K( rr\s Pud\ 

Table XIV. 


irlds (ivith probable erntrs) of six ttypes 

of Kerrs Pink seed. 

Sood t>’pe 

No. of plots 

No. (»f plants 

Av. wt. ]>or plot (11).) 

s 

i2 

2:k> 

41-2 r 1-22 


11 

2m) 

30 0 -1 0-99 

N, 

11 

197 

29-7 ! I hi 

VE, 

9 

177 

3M 1 1*38 

ME, 

9 

178 

30-8 ±1*54 

Srj 

8 

142 

29-0 -1-7S 


Compared with the fresh Scotch se(*d, all the ty])es of English-grown seed 
have definitely deteriorated. The VEg type, though l)etter than the corre¬ 
sponding late-lifted (Njj) type, is not signilicantly so. The types Nj, N.,, 
ME 2 and Srg show negligible differences. The general result is thus similar 
to that shown by the Great Scot series, except that deterioration is some¬ 
what more pronounced. Thus, in contrast with the results for the first 

^ The number of plants planted is obtiiincd by multijilyinp: the number of plotH as given 
in column 2 by 20, 

Ann. BioL xvii 


2 



18 Deterioration of Scotch Potato Seed in England 

variety, the VEg type of seed shows definite deterioration as compared 
with Scotch seed, and is not significantly different from late-lifted seed 
(Ng) which has been grown for the same period of time in England. 

King Edward, 

Table XV. 

Yields (with probable errors) of six types of King Edward seed. 


JSood typo 

No. of 

No. of plants 

Av. wt. per plot 

S 

12 

240 

32-7 11-34 

Ni 

11 

202 

24-41 Ml 

Na 

11 

195 

190 lM5 

VE, 

11 

219 

28-511-78 

MEjj 

11 

214 

24-311-24 

ST2 

4 

64 

24-0 ±0-42 


Compared with Scotch seed, all the English types exc(jpt VEg show 
significant deterioration. The VEg tyi)e is not significantly different from 
the S type, but is significantly greater than the Ng type. The results an*, 
thus similar to those obtained for the variety Great Scot. * 

In carrying out the above weight tests at Wye in the season 1924, 
certain observations were made which in themselves indieat(i whether 
virus disease or the direct influence of climate is responsible for loss of 
cropping power. If deterioration were due to climatic influence per se 
one would expect to find evidence of some general physiological change 
more or less uniformly marked in all the plants wJiicth had been under the 
same conditions. Thus the deteriorated Ng plots would be ex})ected to 
show some fairly uniform reduction in size of the haulms. This g(‘ne.ral 
reduction in haulm would then be associated with a general tendency to 
poor yield in each plant. This, however, is not the case. The plots which 
gave poor yields did so, not because each plant was slightly deteriorated, 
but because the plots were composed of a mixture of normal jdants giving 
normal yields and highly deteriorated plants giving very small yields. 
The discontinuous nature of the degeneration effect obviously docs not 
fit in with the physiological theory of deterioration, while it is just what 
would be expected on the disease theory. 

The feature just referred to is well brought out in Table XVI, which 
is based on separate weighings of the healthy and diseased plants in a 
number of deteriorated plots of the Kerr’s Pink variety. The plants 
which showed no symptoms of virus disease in their haulms and those 
which did were marked, and at lifting time the two lots were weighed 
separately. 
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Table XVI. 

Average yield per root of healthy and diseased jdants of Kerr's Pink. 


Typo of 
seed 

PlantH 
in plot 

Healthy 

Av. wt. 
(lb.) 

Diseased 

Av. wt. 
(lb.) 

N» 

19 

14 

1-90 

5 

105 

N, 

19 

14 

2-32 

5 

105 

N, 

15 

8 

2*25 

7 

0-90 

N, 

10 

11 

2*50 

5 

1*20 

N. 

20 

13 

2*54 

7 

0-30 

Mlj, 

20 

11 

200 

9 

0-72 

ME, 

20 

11 

2-32 

9 

MO 


The average weight per root for the diseased plants is 0-91 lb. as 
against 2*27 Ib. for the healthy. The latter figure is fully equal to that 
of the Scotch plots of this variety. 

Harpp:r-Adams experiment. 

The ex})erirnent at Harper-Adams College for the period 1922-4 ran 
a courses fairly similar to that described for the experiment at Wye. A 
good deal of disease appeared, partly on account of risks which were run 
in the first year, and partly beca\ise the programme of rogucing could not 
be adhered to satisfactorily. The records of the various plots in season 
1923 are very similar to those already given for the Wye experiment, and 
as the main w(*ight test laid out in 1924 proved to be an utter failure, it is 
unne(u\ssary to reproduce the details. In season 1924 the experimental 
field sufb’red from a heavy flooding in middle summer and the whole 
crop was mined. Weighings were carried out in tln^ autumn as usual, but 
so poor was the crop that even the plots from fresh Scotch seed only 
yielded at the rate of 1 to 2 tons per acre. The weighings were therefore 
quite valueless. 

Continuation of the experinamf. 

From 1925 onward the work was continued in a simfdified form and, 
as has already been mentioned, with a somewhat changed objective. By 
the end of 1924 all the stocks had in greater or less degree become infected 
with virus disease. The experiment was therefore continued with the 
object of seeing how far rogueing was effective in eliminating disease, or 
failing elimination, in preventing further deterioration. Only the late- 
lifted seed (excluding screened) was carried on at each place. Further 
simplifioationvS were introduced later, c.g. discontinuing the experiment 
at Harper-Adams College in 1927 and dropping the King Edward variety 
on account of certain difficulties in rogueing. It will be sufficient there- 

2—2 
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fore for the present purpose to limit the account so as to deal only with 
the results obtained for the Great Scot and Kerr’s Pink varieties at 
Rothamsted and Wye. 

Rothamsted. 

1925. The seed of Great Scot saved from the previous year was un¬ 
fortunately lost through the depredations of rats, so that only fresh 
Scotch seed of this variety was planted in 1925. The ty])es of Kerr’s Pink 
seed planted were S, Ng, and N^, the notation being as before. In 
addition to the plots which were rogiu'd and wliich W(‘re reservc^d for seed 
for the following year, a twelv(‘-fold replication of plots for w^eighing was 
laid out for the K(Tr’s Pink variety. The percentage of diseased plants 
and the yields for the various seed typt*s are given in Table XVII. 


Table XVII. 


Giving 

percentage of 

virus dise(fse 

present and 

yields per plot for 


four 

tgpes of Her 

r’.s* Puik svef 

L 

Nei'd type 

No. of plots 

No. ol ])lunts 

‘/Q tliseased 

A\ . V\1. p(T plot (11).) 

y 

12 

2:18 

(14 

.‘12 1 i();i 

N, 

12 

2:11 


:ii 2 . i-ci 


12 

2.‘{:{ 

14 

27-0 ! U'Sl) 


12 

2:12 

12 

2{bS 10-94 


In this series, deterioration is definite only in the case of the Ng stock. 
It is also indicated in the N.^ stock but it has not reacJu‘d significant 
dimensions. The general correlation of fall in yield with prevahuice of 
virus disease is well shown in the above table. 

1926. The only seed types carri(‘d on were for Gn'at Scot and 
{i.e, the progeny of N 3 ) for Kerr’s Pink. No weight t(‘sts wi^re att(*,m])ted, 
but a small lot of seed was planted, with a s])a,cing of 2 yards, in a, single 
row in a turnip field. No obvious disease of any sort apjDoarc'd in the 
one-year grown Great Scot seed. With the four-year grown Kerr’s Pink, 
virus disease of the streak type^ was shown in the course of the season in 
fully 50 per cent, of the plants. No divseas(‘d plants were removed, but 
the course of the disease was o})served by fortnightly inspections through¬ 
out the growing season. In the following year s(‘ed was taken only from 
those plants which showed no signs of virus disease right uj) to the end 
of the growing period. The produce of the individual plants was weighed, 
giving the following average yields: 

^ relative prominence of necrotic spotting And streaking on the veins, of corrugaiion 
and mottling of thc^ leaflets varied greatly from plant to plant, as dotaihul fortnightly 
inspections showed, so that it is probable that a very mixed type of infection was present. 
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Healthy. 22 plants. Av. yield per plant, 4-20 lb. 

Diseased (in some cases only very slightly). 25 plants. Av. yield per 
plant, 2*41 lb. 

1927. Again no weight tests were attempted, but two rows of plants 
of the two varieties (Ng st'ed of Great Scot and of Kerr’s Pink) were 
grown with swedes along one side and with fresh Scotch seed along the 
other. The ])lants were spaced at 1 yard intervals along the rows. 

No definite syin})toms of disease appeared in the Gn^at Scot plants. 
On the other hand, the plants of Kerr’s Pink, though derived from those 
which appeared quite free from disease in the preceding year, contained 
a high percentage of infected plants. Some of the latter only showed faint 
symptoms, but nevertheless all plants showing symptoms of disease, 
ho weaver slight, were rogiied out early in the season (seven w(‘eks after 
the date of planting). The plants so rogued out constituted 64 per cent, 
of th(i whole crop. Seed was collected from the remainder at the end of 
the siiason. 

1928. A weight-test series was laid out in which a comparison was 
made between fn^sh Scotch seed and three-year grown English seed for 
the Great Scot variety, and between fresh Scotch seed and six-year 
grown P]nglish seed for the Kerr’s Pink variety. Daring the growing 
season the amount of virus disease present was as follows: slightly less 
than 4 per cent, (mosaic type only) in Kerr's Pink and 4 to 5 p(a’ cent, 
(chiefly leaf-roll) in Great Scot. 

The yi(4ds are given in Table XVUI. 

Table XVIII. 

Yields {with probable errors) of two types of seed of Great Scot 
and Kerrs Pink varieties. 


Variety 

Seed t}pe 

aNo. of plots 

No. of plants 

Av. wt. per plot 

(treat Scot 

S 

Hi 

aix) 

28-2 ±0 (>3 

f* 

Na 

10 

298 

27*5 i 0-47 

Kerr’s I’ink 

S 

14 

203 

20 7 lO*77 

♦» 

N. 

14 

258 

32-2 ; 0 OS 


The difference between the yields of the two types of Great Scot seed 
is negligible. On the other hand, the yield of the English-grown Kerr's 
Pink seed is significantly greater than that of the Scotch seed. 

That the English-grown seed of Kerr’s Pink yielded more heavily than 
fresh Scotch seed is probably to be explained, as suggested earlier (p. 8), 
by the fact that the former were, from the conditions of the experiment, 
better sprouted at the time of planting. In any case it is clear that the 
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English-grown seed, after the drastic and apparently successful rogueing 
of the year before, has yielded fully as heavily as freshly imported Scotch 
seed. 


Wye. 

1925. In addition to plots for seed production for the following year, 
a series of weight-test plots was laid out with the following seed types— 
S, Nj, Ng and N 3 —for both Great Scot and Kerr’s Pink varieties. No exact 
determination of the percentage of virus disease present could be made* 
as the plots, w^hich were on newly broken up famished grass land, grew 
poorly and showed obvious symptoms of potato hunger. The effects of 
the latter are not easily distinguished from certain types of virus disease. 
There was no doubt, however, that considerable virus disease was 
present, especially in the Ng and N 3 plots. The weighings showed that the 
two types of seed just mentioned were definitely deteriorated, whereas 
the Nj type yielded mucdi the same as the fresh Scotch seed. The general 
crop yield was poor, for the reason stated, being at the rate of about 
3 to 4 tons per acre, so that the comparisons obtained are of little value. 

1926 and 1927. In both of these years the procedure was much the 
same as at Kothamsted— i.e. the oldest stocks (Ng of season 1925) were 
carried on, with rogueing, for two years longer. The percentages of 
diseased plants removed were 6 and 10 per cent, in 1926 and 0 and 30 per 
cent, in 1927 for Great Scot and Kerr’s Pink respectively. The rogueing 
was not carried out so drastically as at Rothamsted, and a number of 
plants which probably showed vslight symptoms of disease were allowed 
to remain in the case of both varieties. 

1928. A weight-test series was laid out in which fresh Scotch seed 
and six-year grown English seed (Ng) were compared for both varieties. 
The extent of the test was limited owing to the fact that some of the seed 
was killed by the severe frost of December 1927. During the growing 
season the prevalence of virus disease was found to be 10 per cent. 

Table XIX. 

Yields (with probable errors) of two types of seed of Great Scot 
and Kerris Pink varieties. 


Variety 

Seed tyj3e 

No. of plots 

No. of plants 

Av. wt. per plot 

Great Scot 

S 

4 

80 

33 G d 0-35 

>1 

N. 

4 

80 

33-0 J:0-9ri 

Kerr’fl Pink 

S 

4 

80 

29*4+0-0 


N. 

4 

8() 

28*8 ±0-3 
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(nearly all leaf-roll) in Great Soot, and 28 per cent, (streak, slight in the 
majority of cases) in Kerr’s Pink. The yields are given in Table XIX. 

From this table it is seen that a slight drop in yield is shown by the 
English-grown seed of both varieties, but in both cases it is not significant 
in amount. This result may appear surprising, especially with the Kerr’s 
Pink variety, the English-grown plots of which had a considerable per¬ 
centage of virus disease, but it is to be noted that the great majority of 
the affected plants only showed incipient symptoms of disease, so that 
the actual effect on yield in the current year was negligible. 

Discussion of results. 

The results set out in the foregoing are best considered in two sections, 
referring to the periods 1922-4 and 1925-8 respectively. The work of the 
former period will be dealt with first. 

It is clear from a study of the data presented in the various tables 
that there is a general parallelism between the amount of virus disease 
showing in any plot and the yield of that plot. Thus in the experiment 
at Rothamsted in 1924 there was comparatively little virus disease show¬ 
ing and relatively little evidence of deterioration in yielding power. On 
the other hand, at Wye the incidence of virus disease was much greater 
and tlu*rc was a more striking deterioration of the English-grown stocks. 
This is well shown by the following comparison. Out of fifteen types of 
English-grown seed at Wye, thirteen showed definite deterioration. At 
Rothamsted, out of eight types of English-grown seed for which statistical 
treatment of the results could be attempted, definite deterioration was 
found in one case only. Then again, at each place differences in degree 
of attack and of deterioration appeared as among the three potato 
varieties used. Thus at Rothamsted the plots of Great Scot showed very 
slight infection with virus disease (at most 2 per cent.), and the results 
obtained from the weight test gave no suggestion of deterioration. The 
Kerr’s Pink and King Edward varieties, on the other hand, showed a 
greater prevalence of virus disease and at the same time definite indica¬ 
tions of deterioration, though only in one case was the fall in yield of the 
English-grown seed types statistically significant. 

With regard to the screening experiment, the most important results 
were those obtained at Wye. Prom these it appeared that the screened 
plots had deteriorated to a degree quite comparable with the plots of 
English-grown seed grown in the open in the normal mariner. There was 
no indication that protection of the plants from high temperatures had 
in any way helped them to maintain their cropping vigour. The similar 
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experiment at Rothamsted, though conducted on too small a scale to 
allow of statistical treatment of the results, nevertheless gave no colour 
to the suggestion that shading of potato ])lants had any effect on the 
cropping power of the resultant tubers. 

The general conclusions to b(‘ drawn from the comparisons between 
the cropping power of earlydiftcd and latedifted st'cd are fairly clear, and 
are in agreement with the view whic.h is generally accepted nowadays 
and which has been put forward, for example, by Murphy and McKay (/.c.) 
and by Botjesb In the exj)eriments at Wye in 1924 the early-lifted seed 
definitely yielded more h(\a.vily than material of similar age in England 
whi(^h was lifted late. This is an illustration of the case where early lifting 
in the presence of a fair amount of infection with virus disease confers 
a distinct advantage. Nevertheless, it should be noted that it was only 
the early-lifted seed which gave this result in a definite manner. It 
would seem that, in order to obtain a benefit from early lifting when virus 
disease is present, it might be m^cessary to lift so early t hat any advantage 
would be obliterated by the small yield of tubers available as s(‘<h1 . 
Again, the ])1ois from very early-lifted seed themstdves show' definit(' 
indications of deterioration when compared with those from fresh S(‘.()tch 
seed, so that it is clear that ('ven very early lifting, while it may retard 
the onset of deterioration, wdll not prevent it when virus disease has 
begun to spread to an ap})reciablc extent. 

In the corresponding tests at Rothamsted, data on the elTec't of early 
lifting which can be treated statistically are available for the two varieties 
Great Scot and Kerr's Pink. Very little virus disease, w'as pres('nt in the 
plots of Great Scot, and all thes(‘, whether d(‘rived from early-lifted, late- 
lifted or Scotch seed, showed no significant differences in average yield. 
In fact several of the English-grown types of seed yielded more heavily 
than the fresh Scotch seed. For Kerr's Pink, which showed a greatcT 
prevalence of virus disease, the early-lifted seed gave a heavier yield than 
the late-lifted, and wms fully equal to fresh Scotch seed. The condition 
of the plots of Kerr’s Pink as regards the progress of deterioration is thus 
seen to bo intermediate betw^een that of the Great Scot plots at llotham- 
sted and the plots of all three varieties at AVye. 

The general parallelism betw'een the amount of virus disease shown 
and the diminution in cropping power does not appear to hold entirely 
in some cases. For example, in Tables V and VI it is seen that th(‘ early- 
lifted seed yields more heavily than the late-lifted, with no corresponding 
differences in the percentages of diseased plants. It is to be remembered, 
^ Report Intermit, Conf, Plyiopfilh. and Ee^n, Entmn,^ Holland^ 1023, p. 14(}. 
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however, that the data of percentage of disease present are of necessity 
somewhat rough, inasmuch as a mere numerical count does not represent 
adequately the quantitative effect of disease on the growth of the plant. 
An exact correspondence would not therefore be expected. 

On the question as to whether a certain degree of immaturity in the 
seed may confer some advantage, even in the al)sence of virus disease*, 
the above experiments give no clear indication. The data giv(in in 
Tables IV and VI might be int(*rpreted as suggesting that the beneficial 
eff(‘(*-t of early lifting cannot be entirely explained on the disease theory. 
In one case (Table IV) tin* beneficial effect is very slight, in the other 
(Table VI) it may la* largely explained in the manner indicated in the 
preceding paragraph. If such an effect really exists, it seems clear that 
it is inconsiderable, and that very careful experimentation, with virus 
disease excluded, would be necesvsary for its demonstration. It is evident, 
therefore, that while a purely physiological effect on yi(*ld due to (*arly 
lifting has not been disproved by these experiments, it must, if it 
(‘xista at all, be very small and quite subsidiary to the effects of virus 
disease. 

The experiments of the second period (1925-8) show that, by a course 
of rather drastic rogueing. it is possif)h‘ to maintain seed which, after six 
yejirs’ growth in lingland, gives a yield as good as that of fri^shly imported 
S(*otch seed. This is a further argum(‘nt against the physiological theory 
of det(‘rioration. While thus it has ])een demonstrated that the vigour 
of S(;otch seed when grown in England can be* maintaim‘d by rogueing, 
it does not follow that tin* method is economically practicable. Very 
drastic, uneconomic rogueing was necessary in some cases. On the other 
hand, such excessive rogueing might, not have been required in th(* later 
yi‘ars of the test if better facilities had been available throughout, and 
(‘Specially in the earli(*r years, for the removal of the diseased plants on 
the first ap])(*ara-nce of disease symptoms. The experiment was thus not 
a fair test of the practicability of rogueing. At the same time, even with 
the severe rogueing ado])ted, there is no anticipation that virus dis(*.ase 
has been eliminated from any of the seed lots. Th(?re an* indications that 
leaf-roll has been eliminated in one case, but it is certain that, short of 
a process of very rigorous segregation and selection, the elimination of 
the streak type of disease is impossible. The restoration in this way of the 
cropping power of a more or less infected stock of potatoes in England 
shows little likelihood of success as a practical pro])osition. A more 
practical line to follow would be to determine wh(*ther, by an amount 
of rogueing which a farmer could be expected to carry out, the life in 



26 Deterioration of Scotch Potato Seed in Englaiui 

England of Scotch seed of good quality could be prolonged from the 
two to three years which is usual, to say five or six years. 

Summary. 

1. An experiment with three varieties of potatoes (Great Scot, Kerr’s 
Pink and King Edward) was carried out during the period 1922-24 in 
order to test the physiological theory of potato deterioration deter¬ 
mining whether the cropping power was influenced by early lifting or 
affected by shading the growing plants and so protecting them from 
overheating. The main results of this experiment were as follows: 

(a) In the absence or very limited presence of virus disease', neither 
early lifting nor shading produced any significant effect on crop yield. 
All the types of seed (one-year grown, two-year grown, early-lifted, etc.) 
gave yields which were not significantly different from that of fresh 
Scotch seed. 

{b) When considerable infestation with virus disease was shown, all 
the types of English-grown seed showed a significant falling off in yield 
as compared with Scotch seed. In such cases the falling off in yield was 
not so great with seed which had been lifted at a very early date. Thus, 
with virus disease present, an advantage may be gained by early lifting 
of the seed. 

(c) In one case, evidence was obtained that very immatun* seed is 
intrinsically inferior in cropping power to seed lifted at the normal time, 
i.e. apart from the effects due to the unequal distribution of virus disease. 

(d) In two cases the greater cropping power of one-year grown English 
seed as compared with fresh Scotch seed was demonstrated. This differ¬ 
ence is probably to ])c explained on the ground of the unequal sprouting 
at the time of planting. 

(c) A general correlation was observable between the amount of virus 
disease present in the various plots and the falling off in cropping vigour. 

(/) No effect of a purely physiological nature arising from early lifting 
or from shading was indicated. Though such an effect could not be dis¬ 
proved, it was clear that it .was of minor account and quite subsidiary to 
the effects of virus disease. 

2. An experiment was carried out over the period 1926-8 to deter¬ 
mine whether, by a process of*rogueing, the cropping vigour of a de¬ 
teriorated stock could be restored. The weight tests carried out in 1928 
showed that certain English-grown stocks, some of which were in their 
seventh year from Scotland, yielded as heavily as Scotch seed. 



W, Brown and V. H. Blackman 


27 


3. The experiments were carried out in such a way that the statistical 
significance of the data obtained could be assessed. In thirty-three such 
experiments, where the yield of English-grown types of seed was com¬ 
pared with that of Scotch seed, the percentage drop in cropping power 
which was significant varied from 7-0 to 20*0. Over the whole series, the 
average figure was 11*8 per cent., corresponding to a falling off in yield 
of about 1*2 tons per acre. 

In conclusion w(' wish to record our thanks, for facilities offered for 
this work, to the Director of the Kothiimsted Experimental Station and 
to the Principal of the South-Eastern Agricultural College, Wye, and the 
Principal of the Harper-Adams Agricultural Colh^ge, Newport, Salop. 

(Received June 13f//, 1929.) 
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ON THE CURLY TOP DISEASE OF THE SUGAR 
BEET: A BIOCHEMICAL AND HISTOLOGK^AL STUDY 

SUMMARY OF RESULTS 

By EDWARD PRILPOTT MUMFORD. 

(Marquesas Islands. Commomveallh Fund Fellow, 192G-8.) 

(With Plates 1 and II.) 

The losses inflicted by the curly top disf‘ase, which is i ransmitted })y the 
Ix'et leafhopp(‘r, Eufeftix tenellus (Bak.). are l)elit‘V(Ml to l)e fxrc^ater tlian 
those caused by any other disease of th(‘ sugar land; iusta.iK*(*s are known 
in which large factories have been dismantled and removed from districts 
in which the leafhop])er abounds. The presence of this dist^ase threatens 
the entire industry in Western North America. 

Various attempts have been made ~ dusting, natural enemies, and 
changing the time of planting—either to control the leafhop])er or t o avoid 
its attacks. In recent years attention has be(*n directed particularly to 
the development of resistant strains. This rcsivstance, how(‘V('r, sixuns to 
concern the disease itself, rather than the insect that transmits it. Sugar 
beets resistant to the l(‘afhopper itself have not yet ])een fouud. 

The studies summarised herein were undertaken with a vi(‘w to (lettT- 
mining the nature of the plant’s resistanc.e—chemical, physico-chemical 
and morphological. 

Since healthy pumpkins and squashes have been found to be un¬ 
favourable host plants as far as the leafliopper is con(*orned, and since 
the longevity of the adult leafhopper is prolonged on diseased })lants 
—since, moreover, the beets seem to bt^come h‘ss infectfMl as they grow 
older, the younger beets appearing to be*, more susce])tible, not only to 
the leafhopper attack, but also to the disease that it transmits—special 
attention was paid to the properties of th(i younger as comparer] with 
the older leaves, and the diseased as compared with the healthy plants. 
Two pedigree strains of sugar beet were used, the one (51 /25 - .3/23—19) 
markedly resistant and the other (Tracy 2709 —24) markedly susceptible 
to the disease. The plants were grown in new 9-inch pots tilled with soil 
of uniform (»,oraposition. The experimental plots, where the observations 
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were made, W(jre situated nearly 150 miles apart—at Spreckels (near 
Salinas, California), Berkeley (near San Francisco), and later at Davis 
(near Sacramento). 

Physico-chemical measurements of the sap showed that the refractive 
index was invariably greater in the resistant strain; and, with the excep¬ 
tion of a slight decrease in the petioles of both strains, it tended to increase 
with the disease. The freezing-point depression was greatcT in the young 
leaves and roots of the susceptible strain than in thos(* of the r(‘sistant 
si rain and tended, except in the case of the old leaves and roots of the 
resistant strain and the petioles of both strains, to increase with tin* 
(lis(‘ase. Except in tb(i roots of diseavsed plants, the specific resistance 
was invariably high(‘r in the susceptible strain; and, except in the roots 
of th(* susceptible strain, it increased with the disease. The increase of 
the refractive iiuhix, specific resistance* and also mainly of freezing-point 
d(‘pressioii that accom])anie(J the disease in the leaves of both strains 
indicates that the disease causes an increase in the concentration of total 
solids and non-electrolyti’s. Such an increase is markedly gi*eater in the 
lea.v(‘s of the susceptible c’omf)ared with the resistant strain. The decrease 
in the specific resistance in the roots of the susceptible strain is due to 
the greater concentration of electrolytes and is in keeping with the fact 
that a morphological examination of the roots of diseased plants of this 
strain revealed the ])r(3Sence of a greater quantity of (‘alcium oxalate. 

Jn general, the r(*sults suggevst that the sap from the resistant beets 
is less concentrated in tf)tal solids and non-electrolytes, and more con- 
(•(‘ntrated in el<‘ctrolytes, than the sa]) from the snsce])tib]e l)eets. 

The (iiffenmees obsc'rved in pH were too small to warrant any ndiable 
conclusions. Neverth(‘less, with only one exce})tion, the figures ])oint to 
a slight but general (ctidcKctf towards greater^ aridity (i.c. a lower pH) 
in the l<aives ((^specially f/ountj l(*aves) of the resistant as compared with 
the suseeptibh* strain. In view of Comes'(2) suggestion that a(*idity is the 
plant’s (hifence against its insect enemies, sucli a result is of special 
inten'st. 

A comi)arison of the nitrogen content of th(* saj) (expressed as gms. 
]>er 100 gms. of W(‘t weight) in the susce])tibl(^ and resistant strains of both 
healthy aaid diseased plants show(*d that the amount of nitrogen in the 
sap of plants of the susceptible strain w^as greater, both in the young 
leaves and in the roots, than in tJie corresponding portions of healthy 

^ The roots of plants of iho resistant strain, on the other hanti, showed a slijiTht but 
general iatAency towanis lessor acidity (higher pU) than the corresponding parts of the 
suscojitiblc beets. 
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and diseased plants of the resistant strain. In both strains this nitrogen 
content was increased markedly by tlie disease. In healthy plants, the 
younger leaves contained considerably more nitrogen than the older 
leaves. 

Table I. 

pH wmsurements of the sap. 



ISu8coj)tiblo strain 



Hosistant strain 


Healthy 

-^ 

Diseased 

_A_ 

f 

Healthy 

Jiisoavsod 

___ 

r 

Headings 

Moan 

r 

Headings 

Moan 

Roadirigs Moan 

r 

Headings 

Moan 

Young leaves 6-012 
6011 

6-01 

5-968 

5-979 

5-97 

5-960 

5-960 

5-96 

5-786 

5-782 

5-78 

Old loaves 6*228 

6-221 

6*22 

6-269 

6-255 

6-26 

6-28;i 

6-294 

6-29 

6-155 

6-163 

6-16 


Table IL 

Nitrogen content of the sap, 

8usc<*|)tiblf< strain Kiwistaut strain 


Healthy Diseased Healthy Diseased 

Keaxlings Moan Headings Mean Headings Mean Headings Mean 


Young loaves 

•1953 

•1953 

-1953 

•24.50 

•2460 

•2455 

•1471 

•1488 

•1480 

•1580 

•1592 

•158<i 

Old loaves 

•0885 

•0899 

•0892 

•0924 

•0913 

•0919 

•0926 

•0926 

•()92t) 

•(K)46 

•0648 

■0(!47 

Petioles from old 
leaves 

•0(i26 

•(K)24 

•0625 

•0819 

•0804 

•0812 

•0704 

•0711 

•0708 

•06t)2 

•0643 


Hoots 

•1461 

•1459 

•1460 

•2t9(» 

‘2.502 

•2496 

•1271 

•13:}2 

•1392 

•1,361 

•131X> 



The Peter Greiss calorimetric method^ fail(;(l to reveal the presence 
of nitrites, as were recorded by Bonc(|uet and Boncquet(i). 

As regards chemical analysis, objection may lie taken to almost any 
basis of calculation, whether it be fresh weight, dry weight, sugar-frtn^ 
residue or “residual dry weight” as suggested by Mason and Masked (i). 
Since the sugar-free residue is probably the least fluctuating basis for 
calculating percentages, the comparisons here summarised are based 
largely upon data so calculated, ft is noticeable that conclusions drawn 
from the physico-chemical measurements receive additional support from 
the chemical analyses. 

As regards the leaves of healthy plants, the susctiptible strain showed 
considerably higher figures for reducing sugars, sucrose and alcohol 


^ As described by Treadwell (6). 



EdWAKD PlIlLPOTT MuMF0E1> 


31 


soluble solids, and lower figures for starch; the nitrogen content and the 
dry weight being practically the same. 

In the susceptible strain, the disease tended to increase the amount 
of reducing sugars, sucrose, alcohol soluble solids and dry weight. Even 
healthy leaves of the susceptible strain contained nearly twice as much 
reducing sugars as those of the resistant strain. Mildly^ diseased leaves 
of the susceptible strain contained nearly three times as much reducing 
sugar as the diseased leaves, with which they were comparable, of the 
resistant strain; severely diseased leaves contained nearly three times 
as much sucrose. The effect of the disease on the leaves of plants of the 
resistant strain was to decrease the amount of reducing sugars, sucrose, 
starch, alcohol soluble solids and dry weight, and to increase slightly the 
amount of nitrogen. 

The alcohol insoluble residue*^ (fresh weight basis) increased with the 
disease both in the susceptible strain, and also, to a slight extent, in the 
resistant strain. 

As regards the roots of healthy plants, the susceptible strain exhibits 
higher figures for sucrose and alcohol soluble solids; higher figures are 
also shown for starch and dry weight, but the figures for nitrogen and 
ale-ohol insoluble r(\sidue, when expressed as percentages of fresh weight, 
are lower; the quantity of reducing sugars is about the same. 

The effect of the disease on the roots in the susceptible strain was to 
(l(*crease the sucrose, dry weight and alcohol soluble solids, to increase 
the alcohol insoluble residue (calculated on a basis of fresh weight) and 
to inereasti the iiitrogtui (eahuilated on a basis of sugar-free residue). As 
regards starch, a mild attack of the disease resulted in a very slight 
increase, a sever(‘ attack of the disease in a slight decrease, when calcu¬ 
lated on a basis of sugar-free residue, though a progressive increase was 
noticeable when calculated on a basis of fresh weight. 

In the resistant strain, the effect of the disease on the roots was to 
decrease the amount of sucrose, dry weight and alcohol soluble solids and 


‘ For analytical purposes, the samples taken from tho diseased plants of the susceptible 
strain were divided into two Ic^ts, tho one containing only severely diseased and tho other 
only mildly diseased planta. Such a division >\as not p 08 sil)Ie in the case of diseased jilants 
of the resistant strain. In ex>n.sidering tho chemical analyses, it is impoHant to roniember 
that tho symptoms of the disease exhibited by the plants of the resistant stram were mon^ 
nearly comparable with those of the mildly diseased than with those of the severely 
diseased plants of the susceptible strain. 

* It is not possible to diffen'iitiate distiiietly lietween alcohol AoluhU sohds and alcohol 
inmluhk residue, since even small differences in pH might convert tho one into the other and 
vice versa. 
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to increase slightly the amount of starch and nitrogen, the amount of 
reducing sugars remaining unchanged. 

A fundamental difference in the two strains is shown, therefore, by 
the fact that in the susceptible strain the disease increases tlie quantity 
of sugars in the leaves, reducing the quantity in the roots—the loss in 
the one case possibly ac(*-ounting for the gain iu the other; whereas in 
the resistant strain the disease decreases the quantity of sugars in both 
leaves and roots. Such an accumulation of sugars in the exj)Ose(l parts 
of the plant would doubtless rend(*r the former a more favourable host 
to the h'afhopper than the latter. The facts suggest that the non-occur¬ 
rence of severe disease in plants of the resistant strain may possibly b(‘ 
connected with the lessening of sugars which, in this strain, accompanies 
the onset of the disease. Tt may be that the plant becomes a h*ss ‘‘ favour¬ 
able” host. Further experimental work would b(* required before this 
could be shown to be the case. Why the sugars increase^ in the one v/dse 
and decrease in the other is a matter for furtluT enquiry. 

The leafhopper may also require and therefore be attracted to the 
alcohol soluble solids. These ar(‘ in greater (‘oncentrat io!i in th(‘ susce])t ibie 
than in the resistant strain, botli iji the leaves and in the roots of healthy 
and diseased plants; in the leaves of the susceptible strain they iner<‘ase 
with a severe attach' of the disease. Tt may be noted that the measure¬ 
ments correspond with those of thc^ nitrogen contcuit of the sap, which is 
due mainly to alcohol soluble compounds. 

A further point of interest arose from a detailed consideration of the 
effect of the disease upon the ])lant. 

In considering the physico-ch(‘mical measure nun its it has already been 
noted that the slight but gencTal tendenvu towards a lower /dl {ix, greatc'r 
acidity) in thf^ leaves of the resistant as com])ared with the suscuqilible 
strain, lioth in the healthy and diseased jilants, w’as iu harmony with 
Comes’ suggestion that acidity is the plant's defence against its insec,t 
enemies. The results of the chemical analys<*s, revealing (1) an excess 
of reducing sugars in the leaves of the susccqitilde strain, and (2) a definite 
decrease of reducing sugars associated with t h(‘ disease in the leaves of 
the resistant strain, hnid some further support t,o Comes’ contention. For, 
according to Comes, as the quantity of reduc ing sugars increases in vc'ge- 
tablc tissues, there is a corresponding decrease* in acidity. The (*,xces8 in 
the former, and the decrease in the latter case, would therefore be 
associated with a higher and a lower pH respectively. This appeared to 
be the case as regards young leaves of the suscc;ptible, compared with 
the resistant strain, and the effect of disease on leaves of the resistant 
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strain. In diseased leaves of the susceptible strain, a percentage increase 
balanced a percentage decrease, i,e. pli was virtually constant. The 
sugar content (raild disease) also varied little. 

The excessive aocumulaiion of sugars in the leaves^ of the diseased 
plants of the susceptible strain, as compared with the leav(*s from healthy 
plants of the same strain, may be correlated with the phloem turrosis 
revealed by a morphological examination of the leaves of the diseased 
beets. Phloem necrosis is charactciristic of the disease and is not found 
in healthy ]>lants. This breaking down of the ])hloem tissue mfiy pr(‘vent 
the removal of photosynthetic products, which tend to accumulate in the 
form of nuJueing sugars and sucrose. Such an excessive accumulation of 
sugars is 7iol found in th(‘. leaves of diseased plants of the resistant strain. 
For this reason, one would exp(*et phloem necrosis to be less marked in 
disease<l l<'av(\s from the resistant strain than in diseased leaves from the 
suse<‘-ptible strain. Pndiminary histological studies do not, however, 
support such an inference. A possible ex])lanaiion of the phenomenon 
may, however, Ii(‘ in the fact that this resistant strain is not naturally a 


Table III. 


Pln/sl(‘o-chi'N(ical utcasuremchls of sap. (Mean readings.) 

strain Resist ant strain 



Healtiiy 

L)i8ca»ed 

Healthy 

Diseased 

Young lojivos 

Ki'fnictivo index 

1 3429 

1*3400 

1*3411 

1*3428 

Kiooziug-jioiut (h^prossion 

1090 

1*315 

1*005 

1 040 

ISpocitic; rraistanco 

19 4 

25*5 

18*9 

23*0 

7 )ll 

0 01 

5*97 

5*90 

5*78 

Old lca\os 

Hofrac tiv<' index 

1 3409 

1 3421 

1*3408 

1*3412 

Kroe/.ing-point d(‘prt*soion 

0 990 

1-085 

1*070 

0*920 

Spt'-cific rcsistanco 

17-9 

25 2 

15*9 

21*1 

pH 

0-22 

0*20 

0 29 

0*10 

Potiolos from old loaves 

Refractive index 

1*3420 

1*:1415 

1*3420 

1*3412 

Freezing-point depression 

1*380 

1*280 

1*570 

1*280 

8 pocific rosistauce 

12*9 

15*4 

11*3 

15*1 

pll 

5*82 

5*92 

5*84 

5*87 

Roots 

Refractive index 

1*3559 

1*3558 

1*3527 

1*3538 

Frt^ezing-point dc'pression 

1*380 

1*450 

1*305 

1*220 

Specific resistance 
pH 

52*1 

47*0 

43*() 

59*7 

0*15 

6*30 

6*20 

0*31 


^ Similar results were obtained by Johnston and l)ore (3) in their studies on the relation 
of boron to the growth of the tomato plant. 
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good ‘‘sugar producer/* The deficiency in sugar production may be 
aggravated by the disease. 

Histological examination showed also that in the yoimg leaves of 
healthy plants, the cuticle and epidermis are invariably thicker over both 
the palisade tissue and the vein, in the resistant than in the susceptible 
strain; with the exception of the cuticle over the palisade tissue, the 
same is true also of the diseased plants. In the old leaves of healthy plants, 


Table IV. 

Analyses of sugar beets expressed as percentage of sugar free residue*. 


Susceptible strain Resistant strain 



/- 






4 

3 

1 

6 

2 



Mildly 

Severely 



XiCavos 

Healthy 

diseas^ 

diseased 

Healthy 

Diseased 

tReducing sugar 

23-40 

24-30 

27-00 

12-30 

8-90 

Sucrose 

14-20 

13-90 

18-60 

12-00 

6-4 

Starch 

4-17 

4-28 

3-89 

4-91 

3-82 

Nitrogen 

2-82 

2-41 

2-31 

2-81 

3-30 

Dry weight 

1690 

170-4 

174-9 

166-1 

144-3 

Alcohol soluble solids 

85-6 

80-7 

88-6 

71-6 

64-3 

Residue 

100 

100 

100 

100 

100 

Roots 






fReduoing sugar 

3-0 

3'20 

3-06 

3-0 

3-0 

Sucrose 

227-6 

188-6 

131-6 

170-9 

99-60 

Starch 

2-3 

2-5 

2-14 

1-62 

1-71 

Nitrogen 

0-8 

0-88 

1-41 

1-26 

1-67 

Dry weight 

372-4 

322-9 

266-9 

307-1 

232-0 

Alcohol soluble solids 

283-6 

230-1 

170-7 

213-4 

147-0 

Residue 

100 

100 

100 

100 

100 


♦ Owing to variation in fresh weight, diy weight, sugar content, etc., it seemed desirable 
to refer the results to some less fluctuating basis, such as the sugar-free residue. When 
referred to this basis some of the flgures will necessarily be over 100 per cent, 
t Expressed as glucose. 

both the cuticle and epidermis over the vein are again markedly thicker 
in the resistant than in the susceptible strain, and the same tendency is 
shown in diseased plants, with the single exception of the epidermis 
over the palisade tissue. The diflEerence in the thickness of cuticle and 
epidermis is most marked in the case of the epidermis over the vein. This 
was the case in both young and old leaves, whether healthy or diseased. 
The tendency to a thicker epidermis and cuticle in the resistant strain may 
indicate some external protection from insect attach {epiphylaxis). 
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EXPLANATION OF PLATES I AND 11 

PLATE I. 

Resistant {R22) and susceptible (jS> 23) beets showing effects of mild attack of curly top. 
Plants solecteci on April 20, as the leael badly attacked of both strains (original). 

PLATE n. 

Resistant (if 20) and susceptible (8 13) beets showing effects of curly-top. Plants selected 
on April 20, as the most badly attacked of both strains (original). 


{Received July 22nd, 1929.) 
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APHIS AS A POSSIBLE VECTOR OF ^‘BREAKING” 
IN TULIP SPECIES 

By a. W. McKENNY HUGHES. 

{John Innes Horticultural Imtilution, Merton^ Surrey.) 

(With Plate HI.) 

Introduction. 

Experiments on the cause of the phenomenon known as ‘‘breaking'’ in 
tulips have been carried out by Dr E. J. Collins at the John Innes Horti¬ 
cultural Institution from 1925 onwards, and it was bec.ause his r(‘sults 
indicated that aphis was the probable natural carrier of a tulip “ breaking 
virus/' that the present more detailed experiments were carried out. 
Miss D. M. Cayley’s experiments with “grafting” and “plugging” of 
tulip bulbs with portions of living “broken” bulbs, carried out at the 
Institution in 1927--8, prove that “breaking” is transmissible and are 
evidence that it is caused by a virus, such as induces variegation and 
mosaics in other plants (i). To complete the demonstration it is nec'.essary 
to find the vector in nature. 

The results obtained this year must necessarily be accc^pted with 
caution, and the experiments recorded below are preliminary to further 
and more detailed work on the subject. 

Four species of aphides are known to occur on tulips, namely, 
A7mraphis tiilvpae B. de Fonse., Rhopalosiphonnms tulipaella Thco., 
Macrosiphum gei Koch, and Myzus persicac Sulz. 

General description. 

Anurajihis tulipae, first recorded in 1841 by Boyer dc Fonsecolornbe, 
is mostly a bulb feeder, and is usually found on stored bulbs. It will, 
however, feed on the foliage of tulip, but later migrates down to the bulb, 
where it feeds beneath the dried outside scale. 

One may therefore say that with this species the bulb is the normal 
food and that feeding on the foliage is a less usual habit. According to 
Davidson, evidence available vseems to indicate that it is a migrating form 
of the usual aphidine type—the tulip being one of the intermediate food 
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plants(2). Other food plants of A. tulipae are Crocus sp., Chionodoza, 
Gladiolus, Lilium spp., SciUa sp., Iris spp., carrot roots and parsley 
roots (7). 

Rhopalosiphoninus tulipaella was described by Theobald in 1916. It 
feeds on the growing leaves of tulip and also on the bulbs. Dr Davidson 
describes it as being more of a foliage feeder than has been found to be 
the case in the present experiment, as this species was found on bulbs 
bought in the ordinary way for planting in tlie autumn, many of which 
were very heavily infested (2). Colonies increased on the ])ulbs with a 
rapidity quite equal to the increase of a colony on the foliage. It can 
therefore be said that the normal food of this sj)ecies was both bulb and 
foliage. Other food plants of Ith, fulipaidla are Viola spp. (7) 

Mmrofiiphu'tn gei {M. solarnfolii Ashmead) was dciscribed by Koch in 
18.55. 

A(^cording to certain investigators M. gei carries one of th(‘ forms of 
potato mosaic {r»). It feeds on the foliage and flower of tulip, but there is 
no evidencAj tlnit it feeds on the l>ulbs. It is a pest on potatoes, and over¬ 
winters on the rose or possibly on the potato (7). The species is widely 
polyphagous, the oth(‘r food jflants besides tulips being Spiraea ulmaria, 
S, filipeadula, Sfelhiria graminea, (Hemn arhamim, Epilohiani monfanum 
and E, aagaMlifoIiam Hose, 7ri.vsp., Gladiolm sj)., Toauifo, Brassica rapa, 
Pf/ras maJus. Pisam satiram, Aater sp., lAietaea. spp., (Haeraria. s]),, 
Soiiehas oleraceus, Tropaeolam, Borago, Liliam. Veronica, Marigold, 
etc., etc. (7) 

Mgzufi persieae was first observed in 1761 l>y Sulzer, but it was not 
until 1776 that he described it under the name of Aphis persieae. It has 
lH‘en variously recorded during the eighteemth, the nineteenth and the 
pres<‘nt century as Aphis dianthi, rapae and dubia. A, rasfator, Rhopalo- 
siphum dianihi, Mgzjfs walvae, etc. The ova an^ hud in the axils of the 
i)uds of peach, nectarine, Daphne, Brassica, and probably many other 
plants, in October and NovemlxT. The ova are green at first but later 
tiirn to shiny black. They hatch out under glass as early as January and 
F(d)ruary, but the stem-mothers occur more usually in March, and pro- 
<luce viviparous young about the time of flowering. In May and 
these vivi})aroUvS offspring become alate and fly off to other hosts. In 
October they usually produce alate return migrant broods which fly 
back to peach, nectarine, etc. Under artificial conditions in grecrdious('s 
they will reproduce themselves partheriogenetically throughout t-h(^ year, 
so that at one period both the sexuales and the viviparous forms are found 
occurring side by side (7). This species shows great variation in colour; 
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on the tulip the young often have a definite pink shade, whereas on the 
radish they are as a rule lightish green in colour. The adults themselves 
also show varying coloration on different food plants. The following 
potato diseases are carried by Jf. j^ersicae: leaf-roll(«), interveinal mosaic, 
common mosaic, crinkle, stipple streak, spindling sprout (3). Other 
diseases carried are: tobacco ring spot(6), and mosaics in the following: 
cucumber (4), beet, swede, rape, white clover and Solarium, nigrum 

The food plants of this species include peach, nectarine, plum, cherry, 
almond, Aquilegia vulgaris, Brassica spp., Beta spp., Crocus sp., Citrus 
spp.. Chrysanthemum spp., Cactus spp., Dianihus sp., Daphne spp., Digi¬ 
talis sp.. Euphorbia sp., Fuchsia spp.. Geranium robertiainum, Hyacinthus, 
Iris sp., Myrtus, Menfhe hirsuta, Nasturtium officinale. Narcissus spp., 
Nicotiana spp., Sonchus spp., Sohnum tuberosum and Tulipa spp. (7) 

Detailed description of the experiment. 

The bulbs used for the experiments were “breeders” of the variety 
Bartigon, obtained from Cambridgeshire from a stock known to be free 
from “breaking,” and 150 Bulbs were retained as controls. They were 
treated in the following manner: they were fumigated with nicotine to 
free them from aphis; they were wiped over with alcohol, sprinkled with 
flowers of sulphur and planted in soil in boxes, 50 in each box. The boxes 
w^ere covered with a deep layer of ashes, and remained in the open during 
the winter. Owing to lack of space in the heated houses, the boxes con¬ 
taining the control bulbs when brought indoors on March 20th, 1929, 
were placed in an imheated house. Consequently the control bulbs 
flowered somewhat later than the infested bulbs. Nicotine and soft-soap 
spray was applied from time to time to keep the plants free froju aphis. 
This method of growing bulbs close together in boxes proved unsatis¬ 
factory, as many of the plants went blind. Some were discarded owing 
to attack of Botrytis sp. Fifty-nine gave normal flowers, except for slight 
frost damage. There was no sign of “breaking.” 

Control, Normal, 59. “Breaks,” 0. Percentage of “breaks,” 0. 

Anuraphis tulipae B. de Fonse. The stock of this aphis was obtained 
from a bulb store in London on the roots of Iris sp. and later from the 
same firm on bulbs of a Rembrant tulip, “Anna Maria,” and the old 
English tulip “James Wild,” flamed. The aphides were placed on bulbs 
of Darwin tulips known to be “broken” on November 16th, 1928, and 
allowed to colonise the bulbs till December 7th, when they were trans¬ 
ferred to separate unplanted bulbs of the same stock variety Bartigon, 
each bulb being covered with a lamp glass or glass tube with a muslin 
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top. At the end of a week, on December 14th, the bulbs were so badly 
affected with Penicillium spp. that they had to be removed, treated with 
alcohol, fumigated with nicotine, and planted in boxes. They were then 
plunged in the open. In one box the bulbs were planted untreated with 
the aphides still on them. On March 20th, 1929, the boxes were brought 
into the Intermediate House, temp. 65-70° F., and the bulbs grown on 
in the ordinary way. Nicotine and soft-soap spray was used from time 
to time to ensure no further infestation of the bulbs or foliage. In the 
earlier stages of leaf development, before flowering occurred, some of the 
leaves had a mottled a]>p(».arance similar to that associated with broken” 
tulips. This mottling was, however, fainter than is usually the case in a 
“broken” variety, and by the time the flowers had all developed the 
“broken” appearances of the leaves had disappeared. Eighteen bulbs 
were attacked by Botrytis sp. and were discarded. There was no per¬ 
ceptible difference between the plants from fumigated bulbs and the 
plants from bulbs on which the aphides had been left. The results of this 
experiment were negative. No “breaking” occurred. 

A, tulipae. Normal, 82. “Broken,” 0. Percentage of “breaks,” 0. 

The experiment with Rkopalosiphonivus tulipadla Theo. was in all 
resp(*cts similar to the above. The stock of aphides was obtained from 
bulbs bought ])y the Institution in November 1928. Again the results 
were negative. 

/f. hdipaella. Normal, 68. “Broken,” 0. Percentage of “breaks,” 0. 

In the exp(*riraent with Macrosiphum gei Koch the sto(*-k was col¬ 
lected from “unbroken” tulips in the garden of the Institution in July 
1928 and was reared on lettuce throughout the winter. On February 5th, 
1929, the aphides were transferred to the growing shoots of tulip varieties 
known to be “ broken.” Three weeks later on February 26th the aphides 
were transferred to the foliage of the stock variety Bartigon, planted 
singly in 6 in. pots. |Sach bulb was covered with a lamp glass of the 
“hurricane” pattern and muslin was placed over the top, kept in place 
by an clastic band. Not less than twelve aphides were transferred to each 
plant. The plants were kept in a separate compartment of the inter¬ 
mediate house, temp. 65-70° F. 

On March 12th, a fortnight after the first infestation, the glasses were 
removed and the plants were sprayed with nicotine and soft soap. This 
spraying was repeated from time to time to ensure that the plants were 
kept clean. When the flowers appeared three were definitely “broken” 
with the ordinary white streak; one flower showed very slight signs of 
darker streaks of red on the red self ground colour. Thn^e flowers showed 
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a white “splash” marking on one of the outer petals, in addition, one 
had a very slight white “splash”—this might have no relation to “ break¬ 
ing” and be due to physiological causes. Whether the “splash” bears 
any relation to “breaking” or not remains to be seen when the bulbs 
come into flower next year. 

A few bulbs affected by Botrytis sp. were discarded. Thirty-three 
plants were blind. 

Macrosiphum gei. Normal, 45. Definite “breaks,” 3; very slight red 
“break,” 1; “splash,” 3; slight “splash,” 1; total, 8. Blind, 33. Per¬ 
centage of definite “breaks,” 5‘(). 

Myzus persicae Sulz. was received from Dr Kenneth M. Smith of the 
School of Agriculture, Cambridge, in the late summer of 1928. The 
aphides were first raised on spinach, but later on radish, as th(^ latter 
was found to be a better food plant and survived longer than spinach 
when colonised with this aphis. On February 5th, 1929, the aphides were 
placed on the foliage of “broken” bulbs. Twenty-two days later, on 
February 27th, the aphides w'erc transferred to the foliage of the stock 
variety Bartlgon growing in separate pots each covered with a hiirrie-anc 
lamp glass with muslin top. Not less than twelve aphides w^rc placed 
on each plant. A fortnight later, on March 13th, the lamp glasses were 
removed and the plants sprayed wdth nicotine and soft soap. This treat¬ 
ment was contijiued from time to time to secure immunity from furthcT 
infection. The plants were kept in a separate compartment of the int(*r- 
mediate house, temp. F. When the flowers appean^d, five w^(»re 

heavily marked with dark red streaks on the red self ground colour- a 
definite form of “break” though no white ground showed. This form of 
“breaking” does occur from time to time among garden tulij)s in varieties 
which are dark crimson or purple in the breeder state. It is still un(jertain 
whether it is distinct from the ordinary form of “breaking” in which 
streaks and stripes of the pure whitti or yellow of the mesophyll art* 
revealed. Four flowers had both white and red streaks, and four flowers 
had the very marked red streaks, but also showed somt* white. All the 
above were definitely “broken.” Of the remainder 39 plants gave normal 
unbroken flowers, and 31 were blind. This peculiar form of “breaking,” 
i.c. the dark red streaks on the red ground, seems to bo very clos(*ly 
associated with Myzus persicde, as in all the cases where “breaking” 
occurred in this experiment the red streak was invariably prestmt even 
when in conjunction with the white streak. In the case of Macrosiphum 
gei only one flower showed this form of “breaking,” and that was so 
slightly perceptible as to be doubtful. 
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M, persicae. Normal, 39. Breaks”; dark red streak, 5; dark red 
streak and little white, 4; dark red streak and white streak, 4; total 13. 
Blind, 3J. Percentage of “breaks,” 25. 

So far as can be judged from the experiments—which admittedly are 
of a preliminary nature— Myzus persicM is a vector of the virus or one 
of the virus diseases, which are believed to cause the phenomenon of 
“breaking” in tulips. There is also some evidenc,e to suggest that Macro^ 
siphum gei is also a vector. It is obviously impossible at this stage to 
enter into any discussion as to whether or not there is more than one 
virus concerned, but the possibility must be kept in mind. It should be 
not(‘d that in tlu^ two lattcT experiments with Macrosiphji7n gei and 
Mgzus pcrsicac only a short interval of six weeks intervened between 
infestation with aphides from “tuoken” tulips and the flowering. Even 
at the lime of infestation the flower buds were already formed within the 
bulb, and the visible effect of the virus may be deferred until another 
year. The ex])erim(mts are being continued and it is hoped to gain some 
mon‘ knowledge' of the subj(*c4 as the* work develops. 
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Summary. 

1. Mjfzus pvrskae Sulz. is suggested as a vee*.tor of the virus of trans¬ 
missible varie^gation known as "‘breaking” in tulips. 

2. “Hed-str(*ak bremk” is associatexl with Myzai< prrsicac, 

3. Mammphm gei Koch j)Ossibly carriers “break” in a lesser degree 
and is associated with “white streak.” 

4. Ammiplm tulipae B. do Fonse. and Rhopalosipho)n7nffi fuhpaella 
Theo. have both so far shown negative results. 
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EXPLANATION OF PLATE III 

PLATE III. 

Figs. 1,2. Typical “ break” in the tulip variety Bartigon, after infestation by Macrosiphum 
gei. 

Figs. 3, 4. Dark and red streak “break” in the tulip variety Bartigon after infestation by 
Myzus persicae. The streaks here shown are deep red on the “self” red ground colour. 
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Introduction. 

During the winter of 1928-9 considerable quantities of American feeding 
l)arley were imported into this country from the U.S.A. Some of this 
proved toxic to farm animals, especially to pigs,, and when examined at 
the Plant Pathological Laboratory of the Ministry of Agriculture and 
Fisheries it was found to be infected with Gibberella Saubinetii, It is 
known, particularly from the work of Russian and other Continental 
investigators that cereals attacked by this fungus become toxic. The 
diseased grains from American sources may not have the same toxic 
properties as occur in affected European and Asiatic cereals, but at 
present there is no information on this point. 

The occurrence of 6?. Saubinetii on wheat and other cereals through¬ 
out Northern Europe and Asia has been observed since 1882, the investi¬ 
gations being reviewed and extended by Naumov (3). It was first described 
in the U.S.A. by Selby (4), and has been studied in various parts of that 
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country since then as being the chief cause of “wheat scab.” A r6sum6 
of these investigations is given by Atanasoff(i). It might be expected 
that the fungus would occur freely in Britain, since our climatic con¬ 
ditions appear to be favourable, and large quantities of grain have long 
been imported from these two areas. So far as the writer can ascertain, 
G, Saubinetii has not been recorded on any English cereal crop, and the 
present record of its occurrence on wheat and barley grains is, therefore, 
the first for this country. Possibly it is more common than is generally 
supposed, and might have escaped detection, firstly, because its peri- 
thecial stage is, apparently, rare or absent in nature under our climatic 
conditions; and, secondly, because its conidia are transitory and rarely 
abundant, and those that occur may not serve for the recognition of the 
fungus. The present paper, dealing with the methods of culture and the 
identification of G. Saubinetii, is published mainly for the purpose of 
obtaining the help of other mycologists in ascertaining the distribution 
and prevalence of this fungus in our home-grown (^(u*(‘al c^rops. This 
information may thus be included in a later, more detaih^d report con¬ 
cerning the morphology, physiology, and pathogenicity of the English 
strain in comparison with the Continental and American strains. 

Isolation of G. Saubinktji from wheat grains. 

In October 1928 the writer rc^ceived from Mr W. A. Hi, Dillon Wc^ston, 
of the School of Agriculture, Cambridge, eight grains of wheat taken 
from a sample of English-grown seed from an unrecordcKl district. Seven 
of these grains showc'd a reddish discoloration mainly about the germ 
end; amongst the apical hairs “black moulds” (Clados])orium, Alt(*rnaria, 
Epicoccum and Fumago) were present. After external disinfection^ these 
grains were kept in st(*rilc* moist chambers at room tcmiperature ranging 
from 8"" to 16° C. At the end of 10 days three grains were ovc'rrun with 
“black moulds,” whilst five others bore a dense white mycelium beneath 
which the coat of the grain was of carmine colour. Froni this mycielium 
conidia were obtainc*d which proved to belong to Fusanum culmorum, 
F, avcnaceum, and F. arihrosporioides. Further, two of the grains bore 
conidia of a single type and extremely few in number, and similar conidia 
were seen occasionally amongst those previously mentioned. It was 
thought that these slightly different conidia might belong to F. culmorum 
var. leteius Sherb., and, as the writer had stated (2) that this particular 
variety had not been found on cereals in this cjountry, special attention 

* 1 per cent, formaldehyde Holution for 1 minute after preliminary sU^eping. then rinsed 
well in sterile water. 
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was devot<"4 to them. Single conidia were used as sources of cultures, 
but, owing to the difti(;ulty of recognising these particular conidia with 
certainty, many cultures turned out to be F. cuhnorum,. More than a 
dozen isolations, however, yielded a species not immediately identilied, 
but which prov(id eventually to be G. SauhinetiL The original infectcnl 
grains were kept under observation for a further period, the dish(*.s being 
ke])t moist, and being submitted during alternate weeks to temi)eratures 
of V, and C. respectively. After about a month under 

thes(‘, conditions small sj)orodochia were observed at a few plac^es where 
th(^ covering mycelium had previously been torn. Single-eonidium cul¬ 
tures were secun'd from these si)orodochia; the conidia are illustrated in 
Kig. 1, I. During February, i.(\ after two months’ incubation, pf‘rithecia 
were first observed, and by March some of these Avere found to contain 
asci and ascospon^s. At this time the grains were covered wdth a matted 
mycelium, beneath which was a carmine plectenchyma; this ])lecten- 
chyma had, in plac.es, become hard and blue-black where clustered peri- 
thecia occurred in ])atch(‘s. The perithecia, asci and ascospores resembled 
f h()s(‘ shown in P^ig. 2. Single-ascospore cultures prej)ared from this source 
eventually yielded growths identical in every respect wdth the cultures 
dt‘rive(l from single conidia. Tlje life cycle of G. Saubinrfli had, thendore, 
f)(‘(‘n cornj)let(‘(l on naturally inf(‘,ct(‘d wheat grains, and the occurrence 
of this fungus on Knglish-grown wheat was established. This was verified 
in the cultural work d^'scribed in the following pag(‘s. 

Isolation of G, Sjvniyi^rri/ fuom uarlky grains. 

During tlu' <‘arly months of 11)29 sam})h*s of barley grain were 
examined for the presence of G. Sdubinetii. Further search was susj>ended 
when one sample, from a Durham-grown cro]), yielded this fungus. In 
seeking suitable grains for examination those were selected which showed 
a nnldish or reddish brown dis(‘oloration as a dot or patch on the husk, 
wdth apparent freedom from “black moulds.” Such grains were dis¬ 
infected externally and kept in sterile moist chambers. No such suc¬ 
cessful results were obtained with barley as occurred with the wheat 
grains; sooner or later the barley grains were overrun with various fungi, 
more frequently Cephalosporium, which also causes a reddish dis(*olora- 
tion of grain. Soon after placing discoloured barley grains under moist 
conditions the reddish patches became brighter in colour, occasionally 
carmine, and here they bore a delicate hyphal growth. The method of 
isolating the fungus eventually adopted was to scrape at a restricted spot 
on one of these carmine patches with a sterile needle, and place whatever 
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was picked up on a set plate of malt gelatine. From any resulting growths 
resembling that of Fusarium small pieces from the margins were trans¬ 
ferred to wheat-meal agar slants. Since the unwanted fungi could, as a 
rule, be recognised on the dishes and thus avoided, the slants were mainly 
Fusarium growths, and those that gave conidia more or less readily were 
identified and rejected. Such growths as did not yield conidia readily or 
at all w^ere retained, and sub-cultures were made from mycelium close to, 
or, where possible actually forming, the pl(‘ct(uichyma on the surface of 
the medium. Amongst the microconidia produced on the aerial mycelium 
of some of these slants, there appeared occasionally a conidium resembling 
the macroconidium of G. SaulrineiiL Conidia of this type were selected 
from different slants and single-conidium cultures prepared from them. 
From this set of eultures the first six proving to be 6r. Saubinetii were 
retained. Each of these six cultures had been obtained from a single 
conidium, and each (‘-ondium had been derived from a different grain. 
The cultures have been grown on to “normal’' form, th(‘ir purity ensured 
by plating out conidia from sporodochia and comparing triplicates 
throughout their growth and, finally, bringing them to the mature' })eri- 
thecial stage. Single-ascospore cultures jm'pared from the latter repro¬ 
duced the normal conidial stage. Its life cycle having been carried through 
from its mycelial stage on barley grains, the occurrt'nce of this fungus 
on English-grown barley is established. 

Cultural metuods: General remarks. 

The circuitous method practised for isolating G. Saybinefii from the 
barley grains calls for some explanatory remarks. In the first place it 
must be emphasised that it is impossible to diagnose a s})eci(ic Fusarium 
disease of a cereal from a superficial examination of affected grains. The 
latter may show a discoloration as a reddish dot or patch, or a brownish 
marking, but sometimes they show no discoloration at all. The reddish 
discoloration, which is typi(ial, occurs in the grains when the sub¬ 
cuticular plectenchyma is well developed, but the colour shade produced 
by G. Saubinetii^ F. culmorum, F. avenmvum and F. herbarum is the same 
in each case, so that red grains arc not characteristic of any one of these 
organisms. Grains affected by G. Saubinetii sometimes bear externally 
a film of mycelial tissue without conidia. Wollenwebcr(r>) ascribes this 
to the fact that in this species the conidia are generally very short-lived, 
soon germinating and anastomosing to form a stroma, i.c. the film. In 
cultures the pionnotes formed on potato plug and some other substrata 
soon resolves itself into a thallus-Iike stroma. Thus in nature the stroma 
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is common, whilst conidia arc comparatively rare, and conidia may not 
be found at all on incubated grain that is much contaminated with other 
organisms. Atana8off(i) states that in order to promote the production 
of conidia in cultures it was necessary to (jontaminate tlu^. cultures ])ur- 
posely with a cert/ain bacterium (unidentified), which, he found, also 
favoured the subsequent formation of perithecia. It is worthy of mention 
that in the present investigation any casual bacterial (contamination has 
retarded or inhibitcMl mycelial growth and production of conidia, both 
in artificial cultures and on infected grains. 

In the second place, using the mycelial and conidial characcters alone, 
it is frequently impossible to differentiate between the Fusarium stage 
of 6r. Saubinetii and F. culmxmim. When either of these fungi is isolated 
from different hosts and grown in pure culture, it shows considerable 
variation in size and shape of conidia, although merely different isolations 
of the same fungus. Because of such variations the conidia of these two 
fungi sometimes agree more closely than would appear from illustrations 
of characteristic forms, and identification is correspondingly difficult. 
Further, conidia from the outside and mycelium from the inside of an 
affected grain or plant, isolated separately and grown under the same 
conditions, may show differences in general appearanc(^ and still be the 
8am(‘- organism. It is clear, therefore, that isolations made as described 
on p. 45, or when made from conidia or aerial mycelium, as is generally 
done, must be grown on imtil definite diagnostic characters are obtained. 
For the two fungi in qu(*stion the distinctive features are that G. Sau¬ 
binetii pnjduces perithecia but no chlamydospores, whilst F, culmorum 
and its related species produce chlamydospores but no perithecia. 

Since in the present investigation both the conidial and perithecial 
stages of G, Saubinetii had been produced on naturally infected wheat 
grains, whereas neither of these stages was obtained by incubating barley 
grains, comparative cultural work was carried out in order to as(^ertain 
whether there were two distinct vstrains of the fungus on these cereals. 
The results proved that they were one and the same strain, the differences 
observed under incubation being due to other factors, mainly to the 
deleterious effects of other micro-organisms on the barley. Since the 
macroscopic and microscopic characters of the fungus obtained from the 
two cereals are alike a single description will suffice. Some reference will 
be made to variations in growth or appearance arising from the use of 
different kinds of inoculative material, but as these variation forms can 
be converted one to the other by appropriate methods, they are to be 
regarded as normal variations within the species. 
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Of the many different media used, only a few are required for pur¬ 
poses of identification; sugar media and potato dextrose agar, useful for 
many Fusarium species, arc of little use for G, Saubimiii, The methods 
of preparing certain media arc given bclow^. 

STNOLK-OONimUM OULTURKS. 

The method adopted for securing single-conidiiim cultures has been 
described in a pnwious publication(2); in the present investigation slant 
cultures were taken from three of the siiigle-conidium growths ])er dilu¬ 
tion plate. From each individual marginal portions were transferri'.d to 
slants of a number of different media. It was found that by keeping these 
slant cultures in good daylight, orsunlightif not strong, and at moderately 
high but varying temperature*, (\g, in an ordinary wsmi room rather than 
at the constant temperature of an incubator, the development of the 
organism was more favourable for purposes of identification. 

(a) Iftoculaliom front aerial mt/celium and mycelial eonidia. 

When slants an* inoculated from non-sporing aerial mycelium, or from 
an individual arising on a plate from a single conidiurn from aerial 
mycelium, the resulting growth is usually as follows: 

Whmf-meal agar. Aerial mycelium abundant, white with intiTMperscd sluKh^s of 
carmine; the surface of the medium pomegranate purple to Bordeaux-; as a rule, no 
spores of any kind produced. 

^ Wheat-meal agar. “Whole’* wh<‘al-mcal, gm., siirtxHl in 400 o.c. of cold tap wat(»r; 
this warmed up to OO^'C. in a wat(‘r hath, am! kept between 00'^ and 70 ’ C. for 1 hour. 
Filter through twofold cheese cloth. Add agar 7-5 gm., make; uj) to 500 c.c., and steam 
until dissolved. Sterilise by steaming for .‘10 nun. tm 3 days. 

Oat agar (hard). “Quaker” oats grouml finely in a mortar, 50 gin. lh*(‘pare as wheat- 
meal agar, hut hero use 15 gm. of agar for 5(M) e.<\ of medium. 

Potato a^ar. Old potatoes peeled ami sliced, 100 gtn. Atld 300 e c. of cold tap water; 
cook in a water bath for 40 min, witliout di.sintegratmg ilu' potato. Filter through fourfold 
cheese cloth. Add agar 10 gm., make up to 500 c.c. and steam until ilissolvi'd. HterilistJ at 
10 lb. pressure for 20 min. 

Salts-glycerine agar. NaNOg 2 gm., KgHPC)^ 1 gm., MgSO^ 0 5 gm., KCl 0*5 gm., F0SO4 
0*01 gm. Dissolve the salts in distilled water. Add glycerine 30 gm. and agar 15 gm. 
Steam until dissolved; then make up to 10(K>c.c. with distilled water, the whole being at 
60° C. Adjust with NaOH to pH 6*(i. Sterilise at 10 lb. pressure for 20 rain. Pure chemicals 
used. 

Cooked viheM media. Cover wheat grains in wide k'st tubes with cold water, warm up 
to 60° C. and hold at this temperature for 6 to 12 hours. Pour off the unabsorlwd water, 
plug the tubes, and stcnlise by steaming for 20 min. on ihiw successive days. The grains 
remain whole, or merely burst, without boooming musliy. 

* Ridgway’s Colour Standards and Nomenclature. The kchmcal terms used are defined 
in Joum» Agric, Pes.ie) 
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Oat agar. Aerial mycelium as on whoat-meal; medium (jhangtjs to shades of hoTu^y 
yellow and ochraceous tawmy, with occasional surface patches between carmim*. and 
Bordeaux; generally a few microconidia on the myt;elium, 1- to 3-septate and small, 
but occasionally a more typical, larger, 5-8eptat€5 one also. 

Sahs-glycerirve a^ar and Potato agar. Aerial mycelium moderate, entirely white*; 
no coloration of medium; no conidia. 

On all these media, as the cultures age up to about two mouths, 
sclerotial structures are developed. They arise on the surface of the 
medium below the mycelial covering or as a central nucleus of a clumpcid 
mass of mycelium, having a diameter of 0*5 mm. when first observed, 
and frequently increasing to the size of a pea. They consist of small- 
celled pseudoparenchyma, are honey yellow in colour, are at first tough 
and later semi-brittle. Transfer of the mycelial growth to fresh slants of 
similar media increases the tendency to the production of white aerial 
mycelium and loss of coloration of the medium. If, however, transfers 
be made from the plectenchymatic mycelium formed on oat or wheat- 
meal media, the sub-culture tends to a reduction of mycelium, an 
increase of colour, and comparatively numerous mycelial conidia when 
about one month old. 

(b) 1 noctiUiHons from ,sporo(hchial conidia. 

To bring the fungus to a stage where it bears sporodocJiia is an essen¬ 
tial for the prodindion of the later perithecial stage on artificial media. 
The first step in this process is the sub-culturing from })le(jtenchymatic 
material mentioned above. In such sub-cultures sporodochia are usually 
})resent. amongst the aerial mycelium, but are masked. If the mycelium 
be torn with a sterile wire the sporodochia will become visible later 
between and along the torn mycelial strands. They commence as minute 
droplets or films of water, then become tinted globules consisting of slimy 
masses of conidia, the colour ranging from pale ochraceous to salmon 
orange according to the extent to which carmine diffuses from th(‘ 
mycelium. In these sporodochia 90 per cent, of the conidia may be 
5-septate and of normal shape, the others being 3-, 4-, 6-, 7-, and occ.a- 
sionally 8- or 9-septate (Fig. 1, II, III, IV). Large, tubercular sporo¬ 
dochia, such as are so common in F. culmmini and allied species, have 
not been observed. Whether sub-cultures be made by direct transfer of 
sporodochial conidia, or from the individuals produced by single conidia 
on plates, the resulting growth is usually the same, though delayed in 
the latter case, and is as follows; 

Wheat-meal agar. Aerial rayoeliiim abundant, white intc^rsporsed with shades of 
carmine; the surface of the medium strongly coloured carmine changing to Bordeaux. 

Ann. Biol, xvn 4 
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By removing the aerial mycelium from along one-half of the slant when the culture 
is about three weeks old there will l>e found from the fourth or lifth week onwards a 
dry, ox-blood red plectenchyma bearing vast numbers of conidia. In the remaining 
aerial mycelium are scattered very numerous sporodochia and developing perithecia. 

Oat agar. Aerial mycelium abundant, with much carmine and yellow coloration; 
the surface of the medium of the lower half of the slant carmine to pomegranate 
purple, the upper half ochraccoiis tawny. After stripping some of the aerial mycelium 
as described above, a dry plectenchyma of hazel to bri(jk-n*d colour is revealed, this 
iKjaring conidia abundantly. The remaining aerial mycelium bears sporodochia and 
perithecia scattered singly throughout. 

Salts-glycerineagar. Aerial mycelium abundant, white but with carmine and yellow 
shades diffused giving the whole a rosy tint; the medium assumes a rosy shade through¬ 
out. After removal of some of the aerial mycelium a faintly rose tinted plectcmohyma 
is exposed bearing numerous minute, brownish-white sporodochia fdose tog(‘ther but 
not actually eoalescent—what Sherbakolf terms a pseudopioiinotes. The conidia of 
smaller general size, but rapidly swelling, germinating and anastomosing to a stroma 
(Llg. 1, V). After one month numerous incipient blue-black or blue-green perithecia 
in the pseudopioimotal layer colour the slant. 

Potato agar. Aerial mycelium poorly devclo}H*d, in places absent; surface of the 
medium of pale Bordeaux shade. On the plectenchyma is a poorly developed pseudo- 
pionnotes, of ochraceus colour; of these pionnotal conidia about 50 |K‘r cent, only are 
5-septate, the remainder being 5- or 4-septatc together with a bnormal forms (Fig. 1, VI). 
The addition of I per cent, of dextrose to this metlium favours the production of 
iH*rithecia, but 5 per cent, does not do so. 

(c) Production of mature perithecia from conidial stage. 

Whilst recognisable x)erithecia have been produced in cultures origi¬ 
nating from a single conidium on the above-mentioned media, they have 
not yet been brought to the ase.ospore stage. Th(‘ mature stage has, how¬ 
ever, been produ(;(‘d by a simjde process, which appears to b(‘, suitable 
for the speedy and unfailing production of this }>erfect stage in the 
laboratory. Wheat grains eook(‘d in wide test-tubes were used insteafl 
of artificial media, and inoculated as for sub-cultures from pun* cultures 
on slants. The inoculum for the grain cultures h(*Te d(»s(^ril)ed was in all 
cases aerial mycelium from oat-agar medium. The inoculated grain was 
kept at room temperature (8*^ to 15” C.) until well covered with fungal 
growth. It was them transferred to sterilised soil in j)ots, spread in the 
surface soil, and kept in a greenhouse (6° to 25° (I generally, but uj) to 
32° C. on sunny days). The pots were kept covered with Petri dish lids, 
and the soil was kept moist by absorption of water from a supply in pot- 
saucers. The grains on the surface of the soil first produced an aerial 
mycelium which eventually disappeared or remained as a thin stroma. 
After about six weeks most of these grains bore a larger or smaller crust 
of clustered perithecia in mature condition {Fig. 2, II). Single-ascospore 



F. T. Bennett 


51 


fultur(?8 w(T(‘ secured from perithecia derived resp(!ctiv(‘ly from the 
wheat and barley sources mentioned, and these served for com])arativc 
culture observations. 

By using aqueous extract of sterilised soil instead of wat(»r for steeping 
and cooking the grain medium, and turning the cultur^^s prepannl on tins 
grain into st(^rile Petri dishes ke])t moist continuously, mature ptTithecia 
were obtained in the laboratory with little or no contamination. Pur(» 
cultures from single ascospores were prepared from this soimu* also. 

Perithecia wer(^ produced on living grains during part of the work on 
pathogenicity which is in progress. Wheat grains were inoculated by 
(iontact with ])ur(^ cultures, and others by immersion in an aqueous 
suspension of conidia; inoculations from the wheat and barley “strains'’ 
were ke])t separate. Barley-seed grain was similarly treat(‘d. The grains, 
along with controls, were grown on sterilised sand, under bell jars^. After 
removing the shoots for other jiurposes, the grains W(T(* kept in the same 
moist atmosphere, the temperature being between 10'^ and 18' C., but 
])ossibly considerably higher und(‘r the glass jars standing in the sunlight 
(March 1929). Towards the end of the third month of the experiment it 
was found that of twenty grains per dish an average of eight yidd^nl 
mature peritlu'da. The production of an exactly similar perfect stage on 
40 ])er C(‘nt. of the iiKxmlated grains, and (‘ornplete absence* from the 
controls, prov'^ed that the ])erithecial stage was the n^sult of the inocnila- 
tion, in s]ut(* of considerable contamination found at the (‘ud of thepculod. 
It may be mentioned hen* that the living shoots of both wheat and barley 
were attacked by both “strains,” this cross-inoculation thus supporting 
the conclusion, drawn from cultural work, that this organism is one strain 
only of (r. Situhindri, 

S1N(i LK-AS( *OS 1 *0 RE C ULTUKES. 

There is litth* difficulty in jirocuring single-ascosjiore cultun‘s of 
(m. Hauhinetii. The perithecium in water, with slight- pressure on tin* 
cov(‘r glass, dischargers the ripe ascospores, and mature asci which emerge 
soon disintegrate, leaving the ascospores free. By passing through suc- 
(icssive drops of water those can be seen which contain three* or four 
p(*.rfectly isolated ascospores, and the latter can be transferred to malt 
gelatine for plating out. Transfers from the margins of at least three 
single-ascosporc growths per perithecium were made simultaneously to 
four or more different media, for comparison of single-ascospore growths 
from the same and from different perithecia. In no instance was any 

* For details of the method of conducting tliis experiment sec Lit. Kef. (2), j>. 211). 
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variation found in the growths from single ascospores from any one 
perithecium. But from pcrithecia produced under different conditions 
of substratum, temperature and moisture, there may be a distinct differ¬ 
ence in the form of growth in the first sub-culture. There appear to be 
two such forms, each showing its distinctive features on twelve different 
kinds of artificial media, but the conditions which determine the subse¬ 
quent form of growth are not yet clearly understood. 

The first transfers to slants from plated-out ascospores may yield 
abundant mycelium, coloration of media, and a f(‘.w mycelial micro- 
conidia, the cultures being intermediate in form between those from 
mycelial and those from sporodochial inoculations on similar media 
(pp. 48, 49). That is, there is an immediate reproduction by the asco- 
spore of the conidial (Fusarium) state. In the second form of growth, 
the first transfers to media slants from plated-out ascospores are described 
in more detail. The transfer in all cases was a tiny piece of malt gelatine 
impregnated with mycelium taken from the margin of an individual on 
the plate. 

It hmt-mml agar, A carmine-coloured growth in the surface of the medium; as this 
extends upwards and downwards ilie central area becomes deep I'-armim^ Bordeaux, 
blue-black, violet-black; the black area, circular, with diameter equal to the width of 
the slant, forms a hard, black crust. The crust consists of reddish-brown pkn^ten- 
chymatic mycelium studded with developing porithe(jia, the latter being blue-black in 
colour. The iipper part of the slant is of carmine to Bordeaux colour, covered with 
downy, white aerial mycelium, this bearing in moderate number microconidia of the 
Fusarium stage. 

Oat agar, A carmine-coloured growth gradually extending over the whole slant, 
and becoming covered with a short, woolly, dingy whiter aerial mycelium. Beneath 
this my(!elium perithecia are produced on the ploctenchyma but are more scattered 
and do not form a black crust. Mycelial conidia rather more numerous and regular 
in shape. 

Saltfi-glycerine agar, A scarcely visible growth of mycelium, like a delicate web 
in the surface of the medium, radiating from the inoculum centre. On this mycelium 
perithecia are produced abundantly, close together but not forming a crust, giving 
the culture a blue-green, then blue-black, colour. Microconidia of the Fusarium stage 
present, but few in number and abnormal in shape and size; they germinate speedily 
and produce a white, downy aerial mycelium over the blue-black area. 

Potato ggar. Growth as on salts-glycerino, but no perithecia. With 1 per cent, 
dextrose, a powdery to very short woolly aerial growth with a few rudimentary 
perithecia. 

Transfers of aerial mycelium (with microconidia) from any of these 
cultures to fresh similar media gives rise to the usual Fusarium stage of 
growth as obtained in cultures started from the ordinary mycelial form. 
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It is evident, therefore, that the ascospore stage reproduces the 
conidial (Fusariura) stage quite readily, either directly and clearly, or 
through an intermediate form in which both perithecial and conidial 
stages arc intermingled. 


Spore measurements. 


Mea.wremcn1s of conidia of G. Saubinctii isolated from 
English cereals^ 1928 9. 

On naturally infected wheat grains; 25 days’ incubation: 


3-scptato, 3 30-50 x3*(>-4-5/i; average, 38 x4*2/x. 

5- »eptato, 05 %, 48-07 x4 2-5*5^; average, 50 x 4-0/i. 

6- aeptate, 1 %, 00“72-8 »< 5*0~5-5fx; average, 64 x 5 2/i. 

7- 8eptat€% 1 % 

8- septate, v(^rv rare 


I 7:^78*5 X 5-6p. 


On dying shoot of seedling barley, grown under warm, moist con¬ 
ditions; sporodochial conidia from soft, ochraceous salmon mass: 


3‘Septate, 5 %, 45*5-50’0 x 4’5’-5*0/x; average, 48-5 x 4’9/x. 

O-sepiate, 90 50 0 -65 0 x5'0--5-9/x: average, 60*0 x 5*5/x. 

0-, 7-, 8*8eptate occasional, 65-80 x 5*8-7'Op. 

1-, 4-8eptate uceasionaJ. 

Pure culture on wheat-meal agar, 3 months old; sporodochial coniilia: 


3*septate, 12- J 5 33*8 44*2 a4*6-5*0p; average, 40*5 x4*9ft. 

4- septate, 8-10 %, 33*8 49*4 x4.a-5.3^; average, 45 0 x5*2/x. 

5- septate, 75-80 %, 52*0 60*0 \'4*8-5*2p; average, 58*0 x5*l/x. 

extremes 41*6--77*6 x4*5-6*5p. 

Pure (uilturo on potato agar, 14 days old; pseudopionnotal conidia; 
great variation in size of equise])tate conidia; shapes equally spindle and 
sickle forms; the following measurements arc for the most t vpi(*al av(Tage 
forms : 

3- Heptato, 32 34 0 -50*0 x 4*0-5*2/x; average, 40*7 x 4*8p. 

4- septate, 28 41*5-52*0 x4*6“5*2fx; average, 46*0 >' 5*l/x. 

n-septate, 35 %, 44*2-54*5 ^4*9-5 3/x; average, 49*1 x5*2/i.. 

(»', 7>, S-, 9-, 1-septate make np the rtnnaining number as casuals. 

As the (‘onidia rapidly swell for germination abnormal sizes arc^ eonimon, (.ff, 4-st‘ptate, 
60 X OH ft; 9-septate, 80*6 x 7*5/x. 


The conidia are very similar in shape to those of E. culmornw, but 
in general are longer and more slender, have thinner walls, less ])rominent 
septa, and more prominent “foot,” and lack that constri(*tion whi<‘h is 
commonly present towards the base in F, cuhnonim, AVhilst typically 
5-septate, conidia with 3 septa are common, 4 septa fairly common, 
f) septa occasional, and 7, 8 and 9 septa rare. In masses the conidia are 




Fig. 1. Gibberella SaubineUi (Mont.) Sacc. Isolated from wheat and barley 
grains in England. 

T. Conidia from naturally infected wheal grains incubated in moist Petri dishes. 

If. Conidia and part of a sporodochial conidiophore from sporodochia produced under 
comparatively dry conditions, viz. on whoat*meal agar in a Petri dish; 3 months after 
transplanting. 

III. Conidia and conidiophores from sporodochia on oat agar; 19 days after transfer from 
a Hingle-oonidiurn individual. 

IV. Conidia from sporodochia on wheat seedling base, after artificially inoculated seed had 
been grown under “abnormal conditions’* (p. 61). 

V. Conidial and mycelial segments from salts-glycerine agar; swelling and germinating in 
the jiseudopionnotes at 3 weeks old. 

VI. (kniidia from the pscudopioniiotos on pfdato agar; («) an abnormal form. 



Fig. 2. Gibherella Snuhinelii (Mont.) Sacc. Isolated from wheat grains; 
an identical fonn also isolated from barley grains. 

I. Immature peritheciurn; beak with thin, almost colourless walls above a collar of thick- 
walled cells; actual size 0 075 mm. (semi-diagrammatic). 

II. Mature peritheciurn from a growing grain of wheat; verrucose with protuberant 
colls at the collar and elsewhere; smooth-walled porithecia equally conmion; actual 
size 0-25 mm. 

III. Ascus and paraphysis, approaching maturity; produced under moist condition.s. 

IV. Asous and shorter paraphyses, mature; protluced umler drier conditions. 

V. Ascus discharging 8pores;*(«) normal, mature ascospores; (6) swelling for germination; 
(c) germination in water of frosJily discharged asco8poi*es, and of ascospore aegmenta 
leK dry for 7 days. 


(Ill, IV, V to scale shown.) 





66 Gibberella Saubinetii {Mont) Saec. on British Cereals 

of ochraceous-bufF, -salmon, or -tawny shade, depending upon the age, 
substratum, and extent of diffusion of colour from the substratum or 
plectenchyma into the sporodochia. Normal cultures produce a carmine 
to Bordeaux coloration in starchy neutral media. Chlamydospores are 
absent; swollen segments present in the mycelium, and thick-walled 
segments in the plectenchyma should be distinguished. 


Meamirements of the perithedal stage of G. Saubinetii 
from English cereals, 1928-9. 

On naturally infected wheat grains; brought to maturity under wairm 
and moist conditions: 

Perithocia, 200- 250 x 190-210/Lt. 

Asci, average, 00 x 10-6/ii. 

Ascospores, 3-soptate, 20 x 3*5p, before signB of Bwelling; when slightly constricted at time 
of discharge, 20-8 x 4*5-5‘0/i. 

On cooked wheat grains, brought to maturity on moist, sterile soil, 
temperature 6°-32°C,, mainly 10°-25°C.; from single-conidium pure 
cultures. 

Perithecia, 250-200 x 200-250/x; average, 276 x 2.30 p. 

Asoi, 60-82 X 10-4-13-0p; average, 78 x IMp; Rome retain a 1- or 2-cellcd pedicel, S/x or 
10/1 long; asci shorter if less mature ones discharged under pre^ssure. 

Ascospores, S-septate; smaller l-soptate occasionally present; 23*6-28*6 x4'2-5*0p; 
average, 26*0 x 4*5/i. 

On living wheat and barley grains; inoculated from single-conidium 
pure cultures; grown under warm, moist conditions: 

Perithecia, 260-260 x 220-240/t. 

Asci, 60-70 X 10-0-11- 6 / 1 . 

Ascospores, 3-80ptate, 20-30 x 4-2-4-8/i; average, 25-0 x 4-26/1. 

The perithecia referred to above were crowded on a thin, mycelial 
plectenchyma (stroma); in artificial cultures they may be similarly 
crowded, or scattered singly on a loosely woven or open mycelial layer 
on the surface of the substratum. The perithecia are ovoid to sub- 
conical, black to the unaided eye and dark blue by transmitted light. 
The dark, thick-walled cells of the general peridiura are replaced below 
by thinner-walled and smaller cells which merge gradually into the plec- 
tenchymatic mycelium. At the apex there is a more or less pronounced 
beak, the cells of which, in the immature perithecium, arc almost colour¬ 
less (Fig. 2, I). The cells of the outermost layer of the peridium project 
irregularly, as a rule, giving a vemicose type of perithecium; thes(‘ cells 
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are more abundant and regular around the base of the beak, there form¬ 
ing a collar.” Wollenweber(5) states that on some substrata the stroma 
assumes the form of a Sphaerostilbe-like projection with the perithecia 
at the apex; that the perithecium is verrucose under very moist con¬ 
ditions; and that there is much variation in the general appearance and 
size of perithecia in pure cultures and much more so in field material 
(Fig, 2,11). 

Asci are numerous (up to 100) in the perifhecium, 8-spored, l|-2 
seriate, with a few 3- or 4-celled paraphyses interspersed. The ascospores 
are fusiform, straight or, more commonly, dorsiventral, S-septate; 1- or 
2-septate spores occur occasionally in the same asci as the 3-septate, and 
the latter show some variation in size, the lowest spore in the ascus being 
usually the largest. The average size of 3-scptate spores is 20-26 x 3’5- 
4*5/x, with extremes of 20-40 x 3*4-5*5^. 

Conclusions. 

The characters detailed above show that the fungus in question is 
G. l^aubinetii (Mont.) Hacc. The diagnosis agrees with Wollenweber’s 
standard, except that in the present organism the ascospores are con¬ 
stantly slightly wider; whether tliis be due to ‘‘strain*' or to technique 
will be evident when the organism has been compared with Continental 
and American forms under the same conditions. The variation is, how¬ 
ever, not such as to throw any doubt on the identity of the fungus. It 
must now be recognised that G, Saubinetii occurs in English wheat and 
l)arley crops, but to what extent is at present unknown. 

Summary. 

1. The occurrence of GihhervUa Saubineiii (Mont.) Sacc. on wheat and 
barley grown in England is recorded, but the extent to which it occurs 
in this country is not known. 

2. The methods by which it was isolated and grown in pure culture 
are described, 

3. The complete life cycle of this “strain” has been carried through 
from singlc-conidium and single-ascospore pure cultures. 

4. The diagnostic characters arc given, and the identification verified. 

The writer tenders thanks to Dr G. H. Pethybridge for assistance 
rendered. 

(Since writing the foregoing article the writer has isolated G. Saubinettii 
from the bases of wheat, barley and T. mmiococovm plants grown in the 
Eastern Counties. 23/12/29.) 
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BACTERIAL -BLIGHT” OF WALNUTS IN BRITAIN 

By H. WORMALD, D.So. 

(fforticuU'uml J^csearch Station, Ea^t Mailing, Kent.) 

(With Plate IV.) 

TnTROT>UOTT()N. 

DiTKfNf; recent yeans an attem})t has hem made to encourage the culti¬ 
vation of walnuts in this country (JO,ii). With this end in view nursery 
trees of various varieties of walnuts have been (collected at the East 
Mailing Resfjarch Station for studying methods of propagation and for 
the selection of varieties suitable for cultivation in Britain (i4). Several 
young trees (among others obtained for this purpose) were rec'.eived from 
Frances and were planted up on the Station in March 1925. Early in 
S(*pt('mber of the same year some of the leaves on one of these trees showed 
numerous small blackish spots. These spots on microscopic examination 
wer(‘. seen to (iontain numerous bacteria-like rods and, as no other organ¬ 
ism could be found associated with the spots, ba(‘.terial infection was 
susp(‘c.ted. One of tlui infected spots was therefore teased out in sterile 
wat(‘>r and isolation plates prepared. The first bacterial colonies to show 
up were white ones, but later yellow ones also appeared. The two organ¬ 
isms were isolated in cidture and named I a and I b, the former from a 
yellow colony, the latter from a white one. In October le.sions were found 
on the rachis of a leaf on the same tree. From one of these lesions plates 
were prepared and again white colonies appeared first, followed by yellow 
ones. Isolations were made from these and numbered II a (yellow) and 
II b (white). 

In April 1926, using these four strains, inoculations were made, by 
puncturing, on leaves of a young walnut tree growing in a pot in the 
greenhouse. As these experiments will be described below it will be 
suflicient to state here that the punctures made with I b and lib (the 
white organisms) resembled control punctures, while those made with 
7 a and II a developed a black discoloration of the tissues bordering on 
the punctures. The white organisms vrere therefore discarded and the 
yellow ones retained, as strains^ I and II, for further study. 

^ The word “strain” is hero used in a general sense to denote a series of cultures from 
one isolated colony. 
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The character of the blackened spots on the naturally infected leaves, 
and the presence in such spots of a yellow pathogenic bacterium, sug¬ 
gested that the disease was “bacterial blight” of walnuts, a disease not 
previously recorded in this country. Further study confirmed this, the 
evidence being presented below. 

Distribution. 

During the last decade of the nineteenth century Pierce investigated 
a bacterial disease which was causing considerable loss in the walnut 
groves of California, and in 1901 he published a brief description of “a 
new micro-organism pathogenic to Juglans regia and related species ”(0). 
He named the organism Pseudomonas juglandis and proved its parasitism 
by obtaining positive results in inoculation experiments with pure cul¬ 
tures of bis organism. During the next ten years the disease continued 
to be very serious in California and it was reported from the neighbouring 
State of Oregon and also from Texas. Pierce's work was followed by that 
of R. E. Smith and his collaborators, and in 1912 a detailed account of 
the disease and of the causal organism was published(9). By 1917 it had 
been observed by Waite (13) and by McMurran(3) in certain eastern states, 
viz. Louisiana, the District of Columbia, Maryland, Delaware, Penn¬ 
sylvania, and New York. 

The disease has also been recorded from New Zealand(i,2) and Aus¬ 
tralia (5), and in 1922 Pole-Evans{7) mentioned “walnut blight” among 
other diseases as “ very prevalent ” in South Africa. In Europe it has been 
reported from Switzerland (4), Italy(«), and Holland (I2)i. 

These “records,” however, are mostly short notices of the occurrence 
of the disease, the diagnoses being, presumably, based on the symptoms 
shown by the diseased organs, and there appears to be no detailed account 
of isolation and inoculation work apart from that carried out by the 
Californian investigators, and by McMurran, who made isolations, carried 
out inoculation tests, and stated, without giving details, that “the (uil- 
tural studies so far made from these isolations coincide with those made 
by Smith and by Pierce.” 

The writer has not yet seen any report of the occurrence of this 
disease in France. The appearance of the disease at East Mailing during 
the first season after the tree was planted up suggested that the tree was 
infected when received from France, and a note to that effect was pub- 
livshed in 1927 (16). In August of that year the writer received a letter 
from Mens. J. Dufrenoy, of the Station de Pathologic v^g^tale, Paris, 

^ While this article was in the press the author found a reference to the occurrence 
of the disease in Chile (see Biological Abstract Vol. in. p. 49). 
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who desired to know from which nursery the tree was received. On 
beiiij^ informed, Mons. Dufrenoy wrote to say that h(‘ had visited the 
nursery in (jjuestion as recently as the spring of 1927 without noticing 
any trouble on the walnut trees or seedlings. 

It must be left an open question, at present, therefon*, whether there 
is any danger of introducing blight” infected trees from France. It may 
be of interest to note in passing, however, that Smith found what 
appeanid to l)e typical bacterial blight lesions on walnut scions imported 
into California from France in 1907, and although he was unable to isolate 
the organism from such lesions, it was observed that the scions developed 
typical blight on the young growth under conditions suggesting that 
infection had come from the imported scion wood. 

OnSERVATlONS ON THE DISEASE AT EAST MALIJNO. 

The spots on the leaf-blades wore mostly 0*5 mm. or less in diameter 
and generally angular in shape, being bordered by the smaller veins. 
Where the spots were numerous they became confluent and sometimes 
caused large brown patches of withered tissues. In some cases the spots 
were most crowded in those regions of the leaf bordering on the midrib 
and larger veins, and at the tips of drooping l(‘aflots. This suggested that 
the organism was disseminated mostly by rain, as rain water falling on 
the leaves would t(*nd to flow towards, and accumulate at, such places 
during showers. The conspicuous infection of the l(‘af-tips was noticed 
particularly on a few trees grown in the greenhouse; these trees wore 
sprayed daily with water during the warmer months. On the ])etioles the 
infection spots were elongated blackened lesions up to 2 cm. long. 

Early in June 1926 the stem of a young tree about one foot high, 
growing in a pot in the greenhouse, bore three elongated blackened lesions. 
This stem consisted of that year’s grovrth only and corresponded there¬ 
fore to a shoot of the current year. Two of the lesions were near the base 
while the other was starting at a node near the middle of the stem; about 
a fortnight later the latter had completely encircled the stem. ('Ulture 
plates prepared from this uppermost canker yielded yellow colonies only, 
similar to those obtained from the leaf-spots. From one of these colonies 
strain III was isolated. 

In 1928 several trees about 6 feet high, growing in the greenhouse, 
and bearing a few fruits, were found to be infected; the typical spots 
were seen on a number of leaves and on one tree two nuts showed black 
lesions near the style end. The nuts, when infection was noticed, were 
about I cm. long and the lesions were 2 to 3 mm. in diameter. From 
these blackened spots isolation plates were prepared. One of the spots 
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yielded yellow colonies only, the other gave yellow colonies together with 
white ones. Strains were isolated from the yellow colonies and numbered 
1V (1) from one nut, IV (2) from the other. 

The tree on which the disease was firvst observed was one of a batch 
received at East Mailing in .lanuary 1925; the trees on their arrival wen', 
‘"heeled in'’ the ground and planted out in tludr permanent quarters in 
March. As already in^uitioned, the leaf-spotting was seen on this tree 
during the late summer of the same year. The variety was Chaberte. The 
disease appeared again on this variety in the following year. In 1927 (a 
rather wet season) the disease was more pronounced on Chaberte, some 
of the leaves bearing very numerous coalescing spots so that the edges 
of the leaves were brown and c.urled upwards. Similar spotting was found 
on th<i leaves of varieties Treyve, Meylannaise, Vourey, Eranquette and 
Gladys, the last named being severely infect(*d. In 1928 (a summer drier 
than in 1927) it was observed on Mayette (very little infection). Parisi- 
onne, Chaberte (again considerable spotting), Meylannaise, and Gladys 
(very little). These are all varieties of Juglaths regia. 

Inoculation KxrEiiiMENTs. 

The inoculations were carric'd out on leaves and shoots of a young 
tree growing in a (*,()ol greenhouse, 

Exp. 1. In this preliminary experiment inoculations wfu’c* made oti 
leaves by puncturing and placing drops of a suspension of the organism 
on the punctures, April 15th, 1920. The strains used were: 

I a. Yellow organism from a leaf spot. 

7 h. White „ ,, „ 

11 a. Yellow organism from a lesion on ])etio]e. 
lib. White 

For each strain one leaf was selected and the ])unctures mach' on the liv(' 
terminal leaflets, i.e. the apical leaflet and the next two pairs ; four puma¬ 
tures were made on each leaflet. The punctures on one leaflet of each pair 
were inoc.ulated, those on the other leaflet being left as control. On th(* 
terminal leaflet two punctures on one side of th(‘ midrib were inoculatcnJ, 
the two on the other side left as control. Evidence of infection was not 
apparent until about three weeks afterwards. By May 7th some of the 
spots inoculated with I a and II a were more conspicuous than the rest 
by reason of a border of blacjkened cells. On June 7th the spots inoculated 
with 7 h and II b showed no blackening whatever. Of those inoculated 
with 7 a all except one showed a blackened border together with, in most 
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cases, a yellow zone outside this. The spots inoculated with II a showed 
similar infection; in this case the two control pun(dures on the terminal 
leaflet showed a little blackening, but the rest of the control spots showed 
no trace of infection. Thus, of 20 spots inoculated with the yellow organ¬ 
isms 19 became infected, 20 inoculated with the white organisms were not 
infected, and of 40 control spots all except two showed no sign of infec¬ 
tion, and these two being in close proximity to two infection spots were 
probably secondarily infected from the latter. 

Ej'ji. 2. Strains 7 and 11 were inoculated into leaves and young shoots 
at punctures, June 6th, 1926. With each strain three shoots were inocu¬ 
lated at two punctures each, one puncture a few millimetres below the 
growing point and the other about one centimetre lower down. Three 
other shoots were punctured but not inoculated, as controls. Strain 1 
only was used on the leaves. Two leaves were inoculated, one (a) not 
quite unfolded, the other (b) was the next ohler leaf on the same shoot. 
On leaf (a) four punctures were inoculated on (‘ach of four leaflets on 
one side of the rachis; on leaf (b) two leaflets were inoculated at 20 
puruttures each. The corresponding leaflets on the opposite side of the 
rachis were similarly punctunnl but not inoculat(*d. 

By July Ibth th(‘ shoots showed infection at all the inoculated s]>ots, 
as seen by a discoloration round the j)uuctures, the degree of infection 
varying wdth tin* thickness of the shoots, e,g. 

Shoots about 2 mm. in diameter: lesions 2 i-5 mm. 

,, 1 mm. ,, ,, 4 3 mm. 

,, 5 mm. ,, ,, 6 : 4 and 8 x 4 mm. 

On the younger h*af (a) every inoculated spot was bordered by a bhuh 
rim round which w^as a yellow zone. On leaf (b) 18 of the 20 inoculated 
spots showed similar evidence of infection. The control punctures showed 
no blackening. 

On July 15th one of the shoots inoculated with strain I was cut off 
and from the two lesions isolation jdates yielded yellow colonies from 
which strains 1 HI (from one lesion) and I R2 (from the other) w(Te 
isolated. 

Exp, 3 was (‘ixrried out to test the ])arasitism of strains 7 7M, 7 72 2 
and 777. The inoculations were made, as before, by puncturing leaves 
and inoculating at the punctures; the inoculated })unctures numbered 
20, 28 and 20 respectively for the three strains, w^hile 60 control ])unctures 
were made, some of them on leaflets on the same rachis as inoculated 
leaflets. 
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All the inoculated punctures developed the symptoms shown in the 
earlier experiments, while the control punctures showed no discoloration. 

Exp, 4. The strains used in Exp. 3 were inoculated into shoots by 
puncturing, the number of inoculations being 6, 2, and 2 respectively, 
with 12 control punctures. All the inoculated punctures gave rise to 
discoloured lesions while the control punctun's remained as brownish 
dots with no further discoloration. 

Exp, 5 was carried out to test the parasitism of strains /F (1) and 
IV (2). Each strain was inoculated at four punctures into shoots. All 
the inoculated punctures became infected, while control shoots showed 
no infection. 

Description op the organism causing walnut blight. 

The morphology of the organism and its physiological reactions on 
various culture media were studied for comparison with those described 
by Pierce (()) and by Smith (O) for Pseudomonas juglandis Pierce, particu¬ 
larly with regard to the “salient characters” which enabled Smith to 
give the organism the group number 211.3332513. A culture of Ps. 
juglandis was received from California^ and tests were apjdied, simul¬ 
taneously, to those strains isolated at East Mailing which had been 
proved to be pathogenic;, and to the Californian strain. 

Morphology, 

The organism, taken from nutrient agar cultures 24 hours old, fixed 
with formalin, stained with methyl violet and mounted in eu])aral was 
seen to consist of rods 1*2 to 2-2/x long in those showing no division, 
while those in process of dividing were 2-0 to 3-3/x long; their width was 
0-3 to 0-5/X. These dimensions are a close approximation to those given 
by Smith who measured rods taken directly from leaf-spots and found 
them to measure 1*5 to 3*01 v 0-3 to 0*51/x. 

The rods were readily stained by carbol fuchsin, methyl violet, gentian 
violet, and aniline gentian violet, but rather faintly by methylene blue 
and by Gram's stain. 

In hanging drops of nutrient broth, from cultures 24 hours old, many 
of the rods, single and double, were seen in active motion. Taken from 
young nutrient agar cultures and stained by Caesares-Gil’s method the 
organism showed a single wavy polar flagellum three to four times the 
length of the rod. 

1 The writer is indebted to Mr C. O. Smith for sending this culture of Pmudmimiaa 
juglatidia from California. 
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Taken from a fivc-week-olcl culture on potato and stained with 
Kibbort’s capsule stain, the rods showed the "hyaline membrane” 
mentioned by Smith. 

No spores have been observed and to obtain confirmation as to their 
absence a heat test was applied. Bacterial slime was taken from fifteen- 
day-old cultures on nutrient agar and shaken up in tubes of sterile water, 
giving a slightly turbid suspension. In each case a loopful of this sus¬ 
pension was transferred to a tube of nutrient broth as a control to show 
viability. The tube containing the suspension in water was then heated 
for 10 minutes at 0. and after cooling another tube of nutrient broth 
was inoculated from it. This test was applied to all the eight strains and 
in every case the tube inoculated before heating the organism produced 
a normal culture, whih? that inoculated after the heating remained sterile. 

OtTLTURAL AND JUiYSlOLOOlCAL CHARACTERS. 

Th<*. walnut organism grows well in most of the media used. Poured 
})lates of nutrient agar produce three forms of colonies according to their 
situation in the medium. The surfac-(‘ colonies are yellow and generally 
circular, raised, smooth and shining. Those embedded in the medium are 
lenticular. Smith in describing these ‘'deep colonies” writes,They vary 
sonii'what in sha])(‘, being biconvex, angular or oval to circular in out¬ 
line.” This description is mish^ading, for if the colonies are examined 
with a h‘ns near th(‘ edge of tin* {date where the same colonies can be 
vitnved from above and from the side, it will }>e seen that the embedded 
colonies are (^a.ch circular <nu} biconvex, tlunr apparent shape being due 
to their orientation in the agar, since they tilted at different angles 
to the surface of the ])hitc. (‘olonies growing at the bottom of tlie m(‘dium 
in {>late cultures are circular in outline and very faintly coloured. 

The surface coloni(*s of nutrient agar plates show some variation in 
sluip(‘. Whether this variation is a result, in some cases, of "saltation” 
is a {)oint which has not yet l)een examined closely for this organism, but 
it may be mentioned that in one strain (/i?l) two tvjies of surface 
(jolonies appeared in poured ])lates after the strain had been in cultures 
for some two and a half years; one type was raistni, smooth, and circular, 
the other larger, less raised, but umbonate, and rather irregular in shape. 
The former appears to be the more general type met with and is {)robably 
that seen by Smith. That the umbonate type is a variant of the other, 
and not a contamination, ap})ears probable from the fact that the (uilture 
reactions of the mixed strain showed no divergence from the rest of the 
Ann. Biol, xvii ^ 
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strains, and in tests where the two types have been studied after isolation 
they have given similar results, except in the form of the colonies. 

On nutrient agar slopes there develops a smooth glistening yellow 
growth only slightly raised, but in nutrient agar containing D per cent, 
saccharose growth is more vigorous and the bacterial mass is distinctly 
raised. 

Stabs in nutrient agar produce slightly raised yellow plates at the 
surface of the medium and the path of the stab itself becomes ‘‘tubercu- 
late echinulate as noted by Smith. 

In nutrient gelatine cultures the medium is slowly liquefied. In stab 
cultures kept at 20'' C. liquefaction may be seen beginning within two 
days; about the fourth day liquefaction is crateriform, but later (as no 
liquefaction occurs in the stab itself) it becomes stratiform and after a 
month extends downwards from the surface for about 2 cm. The liquefied 
gelatine remains almost clear but a copious yellow sediment collects below. 
In one test liquefaction was not complete until about three months after 
inoculation. The absence) of liquefaction along the stab, together with the 
retarded development in the later stages of these gelatine cultures, 
denotes that the organism is strongly aerobic. 

In liquid media growth is most vigorous at the surface, usually with 
the formation of a ring or pellicle. In nutrient broth C. 0. Smith noted 
a ring but no pellicle. In the present series of tests a thin fragile pellicle 
was sometimes produced in broth cultures, and a pellicle generally 
appeared on the addition of a carbohydrate to the broth. In nutrient 
broth with 5 per cent, saccharose growth was very vigorous and a thick 
pellicle was produced which in old cultures reached a thickness of 1 cm. 
or more. In one batch of cultures in this medium, when eight months 
old growing at room temperature, the contents of each tube were a mass 
of gelatinous bacterial growth, so that the tubes could be held inverted 
without the contents flowing out. Inoculations into nutrient broth from 
these cultures when nine months old gave rise to typical growth, showing 
that such cultures retain their viability for at least nine months. 

Neither acid nor gas was produced in litmus broth cultures containing 
dextrose, lactose, saccharose or glycerine, the test being carried out in 
Durham's lubes. In these cultures no growth could be detected in the 
inner (inverted) tube. 

In fermentation tubes containing 1 per cent, saccharose in nutrient 
broth (without indicator) there was copious growth in the open arm. 
On casual examination there was apparently no clouding of the closed 
arm, but close examination after seven or eight days showed a slight 
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oj^alescencc of the liquid in the closed arm. This opalescjeiice was never 
very noticeable and even after a month there was no distinct cloudiness 
in the closed arm. 

Tests for nitrate reduction gave negative results. The cultures for this 
test were in broth containing 0*1 per cent, potassium nitrate and the tests 
for nitrite were applied at the end of seven days in one series and twelve 
days in another. The contents of each culture tube were divided into two 
parts; to one part the iodine-starch test was applied, the method used 
by Smith; the more sensitive naphthylamine test was ai)plie(l to the 
other part. In no case was there any evidence of nitrite production, thus 
confirming Smith’s results. 

Tests for the formation of indol were made in cultures in peptone 
water (1 per cent. Bacto-peptone) and in ‘"tryptophane broth.” At the 
end of fourteen days the contents of each tube were divided into two 
parts; to one half was applied the nitrosoindol test (as used by Smith) 
and to the oth(;r half the Ehrlich-Bohme test. Smith (using Witte's 
peptone) obtained “a strong indol reaction” on applying the nitrosoindol 
test and then heating. In the tt^sts (tarried out by the present writer the 
results were all negative; no pink colour developed even after heating, 
though browning occurred in some tubes to which the nitrosoindol test 
had been applied. 

There was good growth on sterilised potato plugs in test tubes; the 
bacterial streak, wh<m six days old (growing at room temperature) was 
bright yellow (mustard yellow to primuline yellow), wdiile the potato 
itself was turning grey. 

On sterilised potato slic<\s 4 to 5 mm. thick, incubated at 25"' to 26^ C., 
there w^as also good growth accompanied by a bluish-grey discoloration 
of the potato. Within a days a narrow whitish zone appeared round 
the bacterial growth. This zone gradually became more conspk*uous and 
its width was 5 to 7 mm., in some cases, when the cultures were a month 
old. It appears to be the “fermentation zone” noticed by Pierce and by 
Smith, though neither of these workers records th(? fact that the potato 
under the bacterial slime either sinks or is digested aw'^ay (probably the 
latter) so that the yellow mass lies in a crater-like hollow wliich in the 
experiments here recorded was about 2 mm. deep, in cultures four weeks 
old, thus extending about halfway through the slice. The “white” zone 
was seen to be the side of the depression showing between the bacterial 
mass and the edge of the crater. The whiteness appears to be chiefly due 
to the reflection of light from the sides of the crater as its intensity 
(particularly in the early stages) varied with the change in the incidence 

5—2 
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of light, as was seen when the plate was turned round horizontally in 
front of a window. Particles taken from inoculated slices after three 
weeks, and tested with iodine gave a less pronounced starch reaction 
(particularly if taken from the bottom or sides of the ‘"crater”) than 
particles from control slices. This indicates hydrolysis of starch as noted 
by Pierce and by Smith. 

The action of the organism on stanch was more clearly shown, how¬ 
ever, by employing other methods^. Streaks were made on the surface 
of plates of nutrient agar containing 0*2 per cent, soluble starch. After 
six days the plates were flooded with iodine solution; no blue coloration 
appeared showing that all the starch had been hydrolysed. In this test 
four streaks were made on each plate, the streaks being about 1*5 cm. 
apart. Other plates were then prejjared for examination of the rate of 
progress of the action. Only one streak wiis made on each plate and the 
iodine test applied at t/he end of two days and five days respectively. 
After two days the clear iinstain(‘d zone round the streak extended 4 to 
6 mm. from the edge of the streak; after five days tin* zone was 17 to 
20 mm. in width. 

Further tests were made in tubes of nutrient broth containing soluble 
starch (0*2 per cent.) and others of nutrient broth with rice starch 
(0*03 per cent.). On adding iodine to the tub(*s at the end of seven days 
the inoculated tubes gave no starch reaction at all, while the contents 
of control tubes were stained a deep blue. 

In milk, litmus milk, and methylene bhn^ milk tlui results w(Te very 
similar to those obtained by Smith. No acid was produced; a soft curd 
was form(Hl which was sloA\ly digested, so that the milk (if ])reviously 
uncoloured) became a clear translucent yellowish licpiid with a distinct 
pellicle at the surface and a yellowish sediment at the bottom. In some 
litmus milk cultures the indicator was decolorised, in others the “wine- 
coloured appearaiuje,” mentioned by Smith, eventually appeared. The 
methylene blue was reduced so that in a few days the tubes resembled 
the plain milk tubes; the blue colour reappeared on heating the tubes. 

Milk containing brorno-cresol pur|fle as indicator was also used; the 
production and solution of the casein curd occurred as in plain milk, but 
the final liquid was purple in colour, denotingthat its reaction was alkaline. 

In Cohn’s solution (formula as given by E. F. Smith2) C. 0. Smith 
records “after three months there was no growth.” In tests carried out 

^ S«o Manval of Methods for Pure Culture. Study of Bacteria iBaiied by the Society of 
American Bacteriologists, p. C 27. 

* Bacteria in Relation to Plant Diseases^ i, 197. 
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by the present writer some growth could be detected in every case in 
from eight to fifteen days. The turbidity never became very evident and 
might be overlooked except by a careful comparison of inoculated tubes 
with control tubes. The tubes of the first series were inoculated from 
nutrient broth cultures and it was thought that possibly suilicient organic 
food material was carried over in the loop to enable the organism to make 
feeble growth. To test this point further another batch of tubes of this 
medium Wcas prepared and inoculated. In order to avoid carrying over 
traces of broth during the operation, one set of tubes was inoculated 
from the cultures of the former test in Cohn’s solution, and another set 
was inoculated from a suspension of the organism obtained by taking a 
little of the growth from a nutrient agar slope and shaking it up in a 
tube of sterile distilled water. All eight strains (including that received 
from C. 0. 8mith) were tested. In every case a slight turbidity could be 
det(*cte(l in eight days. Six days later this turbidity, though still slight, 
was unmistakable when the tub(‘S were, compared with control tubes 
of the same batch, and in the inoculated tubes there was a little sediment 
which on shaking floated uj) as stringy flocculi. Inoculations into nutrient 
broth, from cultures in (John's solution one month old, gave rise to typical 
growth so that there is evidence that the walnut blight organism is not 
only aide to grow (though feebly) in (John’s solution l)ut that it retains 
its viability for at least a month in this medium, which contains inorganic 
nitrogen and organic acid but no carbohydrate, and has a relatively high 
aendity (pH about 5-2). 

The morphologicial and cultural characteristics of the organism 
(iausing bacterial blight of the walnut trees at East Mailing correspond 
very closely, therefore, with those of Pseudomonas jughmdis Pierce^ its 
group number being the same as that given by C. 0. Smith for Ps, 
juglandiSj viz. 211.'ith‘f2513. According to the ‘"Brief Characterization" 
of “Primary Characters” of the more recent Descriptive Chart" of the 
Society of American Bacteriologists its Index Number” is 5021 31105- 
1000. 

The discrepancies from Smith’s description are probably due to differ¬ 
ences in technique since no constant difference has bi^en observed between 
the various strains isolated at East Mailing and the strain supplied by 
C. 0. Smith from California. 

^ According to the recent classification of bacteria adopted l)y the S(»ciety of American 
Bacteriologists its name would Phytomonas jvtjlandis, but it is not iaclud(‘d in cither 
the 1st (1923) or 2nd edition of llergey's Manual of Determimttivc BacAenology, ICrwiii R 
Smith places it in the genus Bacterium (Golin emend.). See his Barteria in Behition to Plant 
JJiseaseji, i, 171. 
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Summary. 

1. An organism has been isolated from lesions on leaves, shoots, and 
fruit of young walnut trees at the East Mailing Research Station, Kent. 

2. This organism was proved to be pathogenic by positive results 
obtained from inoculation on walnut leaves and shoots. 

3. It corresponds closely to descriptions of Pseudomonas juglandis 
and is therefore referred to that species. 

REFERENCES. 

(1) Boucher, W. A. (1900). Bacteriosis of the walnut. New Zealand Dept, Agric, 

%th Rpt, pp. 334-6. 

(2) ELirk, T. W. (1907). Walnut-blight (Pseudomonas juglandis). New Zealand 

Dept, Agric, \6ih Rpt. pp. 167-8. 

(3) McMurran, S. M. (1917). Walnut blight in the Eastern United States. TJM, 

Dept, of Agric, Bull. 611. 

(4) Muller-Thtjroau, H. and Osterwalder, A. (1924). Bericht dor Schweizor- 

ischen Versuchsanstalt fiir Obst-, Wein- und Gartenbau in Wtidenswil fiir die 
Jahre 1921-1923, III, 1. Pflanzenphysiologische und Pflanzenpathologisohe 
Abteilung. Landw. Jalirb, der Schweiz^ xxxviii, 573-81. 

(5) Osborn, T. G. B. and Samuel, G. (1922). Some new records of fungi for South 

Australia. Trans, Roy. Roc, R, Ausfraha, XLVi, 166 -80. 

(6) Pierce, N. B. (1901). Walnut bacteriosis. Bot. Gaz, xxxi, 272-3. 

(7) Polb-Evans, I. B. (1922). Botany and plant pathology. Union of 8, Africa^ 

Journ. Dept, Agric. rv, 65-9. 

(8) Savastano, L. (1923). Belle epidemie italiano del mal secco negli Agnimeti, 

Albicoocheti, Ficheti, Noceti e Gelseti. Studio di clinioa arborea. Ann, B. 
Rtaz. Rperim. di Agrumic. e Frutfic, Acirexile, vn, 89-176. 

(9) Smith, R. E., Smith, C. 0. and Ramsey, H. J. (1912). Walnut culture in Cali¬ 

fornia. Agric. Exp. Rta. Berkeley^ California, Bull. 231, pp. 115-398. (Walnut 
Blight, pp. 320-71, '‘prepared mainly by C. O. Smith, who has carried out 
most of this portion of the work.”) 

(10) Spence, Howard (1926). An enquiry into the quality of English-grown walnuts. 

Journ. of Pomology, v, 223-40. 

(11) T(aylor), H. V. (1925). Survey of walnuts of Great Britain. Ibid, iv, 240. 

(12) Van Poeti’EREN, N. (1923). Verslag over de werkzaamheden van den Planten- 

zicktenkundigen Dienst in het jaar 1922. Versl. en Meded, Plantenziekten- 
hmdigen DienM te Wagenhigen, xxxi, 9. 

(13) Waite, M. B. (1914). The diseases of nut trees. Rpt. Proc, Uh Ann. Meeting, 

Northern Nut Qrotvers^ Assoc, for 1913, p. 56. 

(14) Witt, A. W. (1928). The vegetative propagation of w^alnuts. East Mailing Rea, 

Rta. Ann. Rpt. for 1926 and 1927, n. Supplement, 60-4. 

(16) Wormald, H. (1927). A bacterial spot of walnut leaves. East Mailing Res. Rta. 
Ann. Rpt. for 1926, n. Supplement, 85. 

EXPLANATION OF PLATE IV 

Fig. 1. A walnut leaflet with bacterial spotting. 

Fig. 2. Leaf spots as seen by means of a hand lens ( x 5^* 

Fig. 3. Stem of a young walnut tree showing two bacterial lesions (natural infection). 
Fig. 4. Walnut leaflets artificially punctured; on the loft punctures inoculated with a pure 
culture of Pseudomonas juglandis, on the right punctures not inoculated. Note the 
black rim round the inoculated punctures, outside which there is usually a zone of 
pale-coloured leaf tissue. 

Fig. 6. Four bacterial lesions on a walnut branch, the result of inoculation at punotures. 

{Received May \Uh, 1929.) 
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THE RELATION OF ATMOSPHERIC TEMPERATURE 
AND HUMIDITY TO TOMATO LEAF MOULD 
{CLADOSPORIVM FULVUM) 

By T. small, M.Sc. 

(Experimental and Research Station, Cheshunt, Herts,) 


Leaf mould (Cladosporiumfulvum Cke.) is a serious disease of glasshouse 
tomatoes. Resistant varieties offer the best means of control, but until 
these are available growers must look to a reduction in the atmospheric 
temperature and humidity of the glasshouses to lessen its severity. The 
purpose of this investigation was to obtain experimental data concerning 
the relation of atmospheric temperature and humidity to leaf mould, 
which would assist growers to control the disease by cultural methods. 


Experimental methods. 

In these experiments healthy tomato plants about nine inches high were 
inoculated on the lower surface of the leaves with a suspension of spores 
in water. Spores were obtained from diseased leaves and their viability 
tested by suitable methods. The various series of each experiment in¬ 
cluded not less than seven plants. The experiments were made in small 
glass chambers, and the average temperature and relative percentage 
humidity were calculated on a two-hour basis from continuous records 
taken by thermo-hygrographs which were standardised frequently. Tn 
temperature experiments, the chambers were maintained at approxi¬ 
mately 95 per cent, humidity and were placed where temperature vari¬ 
ations were small. In humidity experiments, made whenever possible 
under optimum temperature conditions, control was obtained by sul¬ 
phuric acid and, after inoculation, the plants were allowed to dry before 
being placed in the chambers. 

Plants were examined on alternate days and the development of leaf 
mould was denoted as follows : 


Degree of sporulation 

A 1. Faint grey mould. Little or no 
sporulation. 

A 2. Marked grey mould. Definite 
sporulation. 

A 3. Intense sponilation denoted by 
appearance of brown mould. 

A 4. Very intense sponilation—large 
patches of brown mould. 


Area covered by the disease 
li 1. Numerous scattered spots of 
leaf mould. 

B 2. Leaf mould oovt'ring approxi¬ 
mately half of each leaflet. 

B a. Leaf mould covering raoni than 
half of each leafief. 
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In the tables given later “no disease” implies that none was visible 
to the naked eye while “disease appearing” denotes a milder attack than 
the A I, B\ standard. Intermediate stages arc denoted by A 1-2 or 
B 1-2, etc. It is impracticable to publish all the records taken, but the 
data given in the tables indicate the development of the disease under 
the experim<‘ntal conditions. 

Temperature relations. 

The relation of tempemfure to leaf yanuld. 

Inoculated plants were grown in chambers maintained at average 
temperatures of 10° C., 13° C., 17° C., 20° C. and 23° C. respectively. The 
results, given in Table I, show thfit loaf mould developed most severely 
at 23° G., and that at 17° C. and 20° C. the plants w(Te s('verely diseased, 
while those at 10° 0. and 13° C. remained apparently healthy. Micro¬ 
scopic examination showed that the latter plants were inf(‘,cted. Thus, of 
the temperatures tested, 23° C. was nearest to the optimum for leaf 
mould, while at 13° C. it developed very slowly even undiT humid con¬ 
ditions. 

Table 1. 

The relation of temperature to leaf mouhh 

Dat,e Av. U’lnj). ° (.. 


of 

inocu¬ 

No. 

of 

! - 

11-18. 

18-26. 

11-26!^ 



Hesidt 



lation 

plants 

V. 28 

V. 28 

V. 28* 

19. V. 28 


23. V. 28 


20. V. 28 

11. V. 28 

15 

23 

22 

23 

Disease 

15 

plants. A 3, li 2 

3 plants, .4 3, H 2 






appearmji 



12 

„ .14, 7^3 


15 

20 

20 

20 

No disease 

13 

„ A 2, fi 1 

4 

A 2, H 1 







2 

„ J3, 712 

11 

.4 3, 77 2 


15 

18 

17 

17 

» 

13 

.4 2, li 1 

14 

„ A 3, B 2 







2 

„ A 3, n 2 

1 

yl 4,77 3 


15 

14 

1.3 

13 

>» 

No disease 

No 

rlisease 


15 

11 

10 

10 

» 


>> 


t) 


The rehfion of temperature to infection. 

This was determined by placing inoculated plants in cham])ers, main¬ 
tained at average temperatures of 14° C., 17° C. and 22° C. respectively, 
for four days only, and afterwards moving th(un into a glasshouse. On 
moving the plants, controls were inoculated and placed beside them. 
Since the controls remained almost healthy it was concluded that scarcely 
any infection occurred on the treated plants after they were moved into 
the glasshouse. The results, given in Table II, show that severe infection 
occurrcid in four days at 14° C., 17° C. and 22° C., which indicates that 
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the amount of infoction is practically equal over a wide range of tem¬ 
perature if sutficiont time is allowed. Leaf mould, however, a})peared 
first on the plants at 22"" 0., which suggests that this tempcTature, which 
is within the optimum for spore germination, is the most favourable for 
infeci;ion. 

Table IL 


The relation of tewperafure, to mfeeiion. 




Av. t(‘nip. 







(luring 





Dato of 
modula¬ 

No. of 

(‘xposuro 

period 



Kesult 






tion 

plants (15- 19. vi. 28) 

23. VI. 28 


27. VI. 28 

3. vii. 28 

15. VI. 128 

12 

22 

Disease 

5 

plants, 2, Ji 1 

12 ])lantH, A 4, Ji 3 




appearing 

7 

A 2, Ji 2 


9 

17 

No dLsease 

9 

„ A 2, B 1 

9 


12 

14 

>> 

8 

„ A 2, JJ 1 

1‘^ 

■ — 9^ 





4 

„ A 2, Ji 2 



It is worth noting tliat all th<' treated plants in the abov(i experimcTit^ 
<lev(doped a. s(‘vere attack of leaf mould after tiny w(T(‘ moved into the 
glasshouse, whih' the inocidattid control ])lants, also in the glasshouse, 
remain(‘d almost healtliy for several days aft(T tlu' (‘X])eriment was (‘on- 
clnded. This r(*sult suggests that after infection has occurred, a severe 
attack may d(‘V(*lop under conditions which almost inhibit infection. 
This was tested by inoculating three plants, each thnje feet high, and 
placing th(‘m in a moist (*hamber for three days to ensure infection. They 
were afterwards moved to a sunny position outside, at which time three 
control plants were inocuilated and placc'd beside them. Three weeks after 
inoculation the treated plants had developed large, patches of h‘af mould 
oil numerous leaflets, whih‘ the (controls, four weeks after inoculation, had 
only two faint, spots of disease present. 

The effect of temperntim upon leaf mould subsequent to infection. 

Inoculated plants were placed in a moist (chamber to ensure infection 
and were afterwards moved into chambers at 15'^ 0., and 22'^ V. re- 
s]>ectively. Th(‘ results showed that leaf mould developed very rajiidly at 
20'’ C. and 22° (\, while at 15° C. it progr(\ssed very slowly, being scarcely 
visible twelve days after inoculation. The results suggest an explanation 
of the epidemics so familiar to growers. During cool weather much 
infection probably occurs but the disease devtdops slowly, so that the 
crop appears healthy. If at this stage warmer conditions intervene, an 
ajiparently healthy crop is transformed into a severely disi^ased one 
within a few days. 
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The relation of temperature to sporuhtion. 

In this experiment inoculated plants were grown in a glasshouse until 
leaf mould was just visible, at which stage the various series were placed 
in chambers at 18^^ C., 22° C. and 29° C. respectively. Sporulation was 
most abundant at 22° C. At 18° C. and 29° C. the disease progressed 
considerably, but these temperatures were respectively below and above 
the optimum for sporulation. 


Humidity relations. 

The relation of humidit}j to leaf fnould. 

In this experiment, made under optimum temperature conditions, 
inoculated plants were grown in chambers maintained at average 
humidities of 95, 80 and 65 per cent, respectively. Leaf mould was less 
severe at 80 than at 95 per cent, humidity, and was almost absent at 
65 per cent, humidity fifteen days after inoculation. It was evident that 
the humidity must be below 80 per cent, to prevent leaf mould when 
optimum temperature conditions obtain. Examination of the plants at 
65 per (5ent. humidity failed to reveal any germinating spores. 

The relation of humidity to infection. 

Inoculated plants were placed in chambers at 95, 80 and 71 per cent, 
humidity respectively for four days only, which allowed ample time for 
infection, and were afterwards moved into a glasshouse. Inoculated 
controls showed that scan^ely any infection occurred on the treated plants 
after they were moved into the glasshouse. The results, given in Table HI, 
show that severe infection occurred at 95 and 80 per cent, humidity and 
that it was slight at 71 per cent, humidity. Similar results were obtained 
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in further experiments; it is concluded that infection is rare at 70 per 
cent, humidity under optimum temperature conditions (22^ C.). At 
18^ C., however, a humidity of 78 per cent, retarded disease development 
and reduced the amount of infection considerably. 

It is worth noting that the plants exposed to 95 per cent, humidity 
for four days subsequently developed a severe attack of leaf mould in 
the glasshouse, i,e, under conditions which, as the controls showed, 
almost inhibited infection. Since the temperature of the glasshouse was 
favourable to the disease, the result indicates that a lower humidity is 
required to check leaf mould development than to prevent infection. 


The effect of humidity upon U af mould subsequent to infection. 

In this exj)eriment inoculated plants were placed in a moist chamber 
to ensure infection and were afterwards moved into chambers maintained 
at average humidities of 95, 78 and 57 per cent, respectively. Leaf mould 
developed most severely at 95 per cent, humidity, while at 78 and 57 its 
])rogress was appreciably retarded. 

The relation of humidity to sporillation. 

This was determiruKl by growing inoculated plants in a glasshouse 
until the dis(*ase was just visible and then placing them in chambers at 
92, 78 and 58 per cent, humidity. The results showed that abundant 
sponilation occurred at 92 and 78 per cent, humidity, while at 58 per cent, 
the diseasf» spots dried out and produced very few spores. 


The effect of humid night conditions upon leaf mould. 

Continuous records, taken among the plants in large glasshouses at- 
intervals from May to August (1928), vshowed that the humidity exceeded 
90 per cent, for several hours each night. The effect of such conditions 
upon leaf mould was tested by growing inoculated plants in a well- 
ventilated glasshouse during the day and moving them into chambers, 
maintained at different humidities, from 6.0 p.m. to 6.0 a.m. each night. 
The average night temperature was 19° C. The results showed that plants 
exposed to humidities exceeding 75 per cent, each night were severely 
attacked. 

To determine the maximum period for which plants could be exposed 
to humid conditions and remain healthy, inoculated plants were placed 
in a moist chamber for 0 (controls), 4, 8 and 12 hours each night. When 
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not in the chamber the plants were placed in a dry position. The results, 
given in Table IV, show that all plants developed severe leaf mould 
except the controls. 

Table IV. 


The effect of humid night conditions upon leaf mould. 


Date of 
inoru- 
latluii 

No. of 
plants 

No. of 
Lours 
in moist 
cLamhfr 
oaoh 
iii^ht 

Temp. ° C. of 
moist cliarriLor 
oaoli night 

ALs. Alls 
ma.v. min. Av 


R(‘sult 


15, viii. 28 

18 vm. 28 

23. viii. 28 

7. viii 28 

12 

12 

21 15 U) 

12 plants, J 1, Jil 

G plants, J 2, li 3 

G „ A‘\,fn 

12 plants, A 4, B 3 


12 

8 

21 15 12 

5 ,, Disease 

12 A 2 , in 

12 „ ^4,/f3 

- 

12 

4 

21 15 19 

a])i)earing 

12 A 2, }{ 1 

1 „ .4 3,7/2-: 

8 „ .4 4, // 3 


12 

0 

21 15 19 

No fliS(‘aM‘ 

No (li.sease 

Few dis(‘asH spots 


(controls) 




It is coii(‘Ju(l(*(l that humid night conditions are largely n'sponsible 
for the prevahuice and severity of iomato leaf mould in comnuu'cJal 
glasshouses, and that their harmful effect is not counteracted by dry day 
conditions. Some growers attem})t to reduce the humidity by keeping 
the temperature high at night, but unlevss the humidity is suifitnent-ly 
reduc-ed by this practice it is clear that the higher tempiTature will 
favour leaf mould. 


'The relation of ivatermg to the disease. 

Overhead watering. The high humidity and wetting of the foliage 
caused by this practic^e are considered favourabh^ to leaf mould by many 
growers. Records show, however, that the former does not ])ersist long 
enough to affect the disease if watering is done early on fine days and 
ample ventilation is given. To determiiui if wetting of the leaves affected 
leaf mould, plants were inoculated and allowed to dry, after which they, 
excluding controls, were gently atomised with water each morning and,* 
in some cases, each evening. Morning treatment caused the foliage to 
remain wet for about three hours. The experiments were made on small 
pot plants in a glasshouse and were re])eated at intervals over a period 
of two years under various climatic conditions. The results showed that 
the treatment had no appreciable effect upon the disease. It may be 
contended that results with small plants are not applicable to dense crops 
in glasshouses. On the other hand, overhead watering is not practised 
daily nor is the foliage so completely wetted as in the above (‘xperi- 
ments. 



T. Small 


77 


Soil watering. The development of leaf mould on turgid plants was 
compared with that on plants beginning to droop. The experiments were 
repeated at intervals over a period of two years and are divided into two 
groups. In the first, inoculated turgid and drooping plants were placed 
in a moist chamber to ensure infection and afterwards moved into a 
glasshouse. The drooping plants did not recover in the moist chamber. 
In the second group, plants w'cre jdaced in the glasshouse immediately 
after inoculation. Typical results are given in Table V. 

Table V. 


The development of leaf mould on turgid and drooping plants. 



Total 
no. of 
jilants 

Result 

^ - 


"i'nuiiiTiont 

r 

Turgid 


1^ rouping 

riiU3('(I in nioiHl chanib(‘r for.'OiayH 
afU’sr inoculation and aftcrwaidH 
grown in gla^ssiiousc 

30 

15 plants, A 4, R 3 

0 plants, A 2, B J 

6 „ A 3, B 2~3 

Ditto 

12 

(i „ A 4, B 3 

0 

„ A 2 3, B I 

Placed in glassliouno imincdiatoJy 
after inoculation 

30 

15 „ .4 4, H 3 

5 

10 

„ No disease 
„ A 1-2, B 1 

Ditto 

12 

5 „ A 2, B 1 

1 „ A 2, R 2 

() 

„ No disease 

Ditto 

12 

0 „ A 4, B 3 

G 

9> >» 


In all exp(^riuients turgid plants were more susc.eptiljle to leaf mould. 
In the se(*ond grou]), i.e, where tlu' plants were ])laced in the glasshouse 
immediai-ely aft(*r inoculation, infection was very severe on turgid plants 
but was slight on (Irooj)ing plants. This result suggests that the higher 
humidity around the turgid h*aves caused spore germination and that its 
decrease by means of air current-s would lessen the severity of leaf mould. 

The development of leaf mould at various seasons of the gear (1928). 

Th(‘se experiments were made in a glasshouse. Each montli twenty 
plants were inoculated; ten were placed in a moist chamber to (uisurc 
infection and afterwards moved into the glasshouse, while ten were placed 
in the glasshouse imimMliately after inoculation. Both series yielded 
similar results and only those from the latter series will b(‘ considered. 
The average temperature and relative percentage humidity were calcu¬ 
lated on a four-hour basis from continuous records. The results, given in 
Table VI, show that seasonal variations in the severity of leaf mould are 
related to temperature. The disease was severe when the average tem¬ 
perature exceeded 18° C., i.e, from May to August, and was slight at 
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temperatures below 15° C., i.e, from November to March, despite the 
favourable humidity conditions. 

Table VL 


The development of leaf mould at various seasons of the year (1928). 



No. of 

Av. 

temp. 

Av(^ragc 

percentage 


Result 

A 


r 

After 2 weeks 

After 3 weeks 

Month 

plants 

^C. 

humidity 

January 

10 

12 

88 

No disease 

No disease 

February 

10 

i:i 

85 

.. 


March 

10 

14 

84 

,, 

Little disease 

April 

10 

15 

77 

Little disease 


May 

10 

19 

81 

10 plants diseased 

10 jilants severely diseased 

June 

10 

20 

78 



July 

10 

22 

75 


»» »> 

August 

10 

18 

79 


»» »» 

October 

10 

15 

85 

Little disease 

»» f» 

November 

10 

12 

85 

No disease 

Little di/ease 


Control methods. 

In England tomatoes are planted in February or March. Towards the 
end of April a dense mass of tender foliage has developed, heavy watering 
is practised frequently, higher temperatures begin to operate and periods 
of high humidity occur owing to inadequate ventilation of the glass^ 
houses. Leaf mould appears in May and often spreads rapidly through¬ 
out the crop. Sometimes the plants are killed but usually they survive 
owing largely to severe pruning of the diseased foliage. 

Suggestions for controlling leaf mould by cultural methods arc given 
below. 

1. Tempyerature. The control of leaf mould by means of temperatures 
above 22° C., i.e. the optimum for the disease, is scanjcly practic-able 
because the temperatures required are so high that they are difficult to 
maintain and are dangerous to the crop. The temperature should, there¬ 
fore, be kept as much below 22° C. as is practicable. During March and 
April the average temperature is usually much below 22° C. and, although 
infection may occur if humid conditions obtain, the disease makes little 
progress. From May to August the temperature is favourable for leaf 
mould, and efforts should be made to keep the glasshouses cool by ample 
ventilation. 

2. Humidity. Dry atmospheric conditions should be maintained con¬ 
tinuously especially in summer when temperatures are so favourable to 
the disease. Experiments indicate that dry day conditions alone are of 
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little use and that humid nights may be largely responsible for the disease. 
During warm nights (average temperature 18° C.) the humidity should 
not exceed 76 per cent. During dull or rainy periods the ventilators 
should be left open to avoid a hot, humid atmosphere. 

3. Ventilation, This reduces both the temperature and the humidity, 
and causes air movement. In spring, it should be given whenever 
weather conditions are favourable. As early as the season permits the 
ventilators, including doors and box ventilators, etc., should be left open 
continuously. 

4. Watering, When possible watering should be done early and on 
fine days only. In dull weather it should be reduced to a minimum. 
Excessive watering produces soft, susceptible plants. Overhead watering 
is done frequently in spring, i.e. when it is difficult to ventilate freely, 
and is usually discontinued in summer, i.e. when full ventilation is pos¬ 
sible. The reverse would jirobably give better results as far as leaf mould 
is concerned. If, howev(*r, growers deem the practice necessary in spring 
it should be done early on fine days only. 

5. Air movement. This removes the layer of high humidity from the 
neighbourhood of the leaves. It is facilitated by opening the box venti¬ 
lators and doors and by pruning of the lower foliage. Too close planting 
should be avoided. 

Grateful acknowledgment is made to Dr W. F. Bewley for advice and 
criti(dsm during the course* of the work. 

Summary. 

1. A study of the relation of atmospheric temperature and humidity 
to tomato leaf mould (Cladosporium fulvum) has been made wdth a view 
to assisting growers to control the disease by cultural methods. 

2. The optimum temperature for the various stages of leaf mould is 
about 22” C. At 10” to 15” C. severe infection occurs under humid con¬ 
ditions, but the disease develops very slowly. 

3. Humidities exceeding 90 per cent, are very favourable. At 22” C. 
infection is severe at 80 per cent, hunxidity but is rare at 70 per cent. 
At 18° C. infection and subsequent development arc considerably 
retarded at 80 per cent, humidity. 

4*. Experiments indicate that seasonal variations in the severity of 
leaf mould are related to temperature. 
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5. Data arc given which show that humid conditions obtain in large 
glasshouses for several hours each night and that these conditions are 
largely responsible for the severity of leaf mould. 

6. Wetting of the foliage caused by overhead watering does not 
appear to favour the disease. Excessive watering produces turgid, 
susceptible plants. 

7. A basis for controlling leaf mould by cultural methods is suggested. 

{lieceived June bih, 1929.) 
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CARBON DIOXIDE IN RELATION TO GLASS¬ 
HOUSE CROPS 

PART rv. THE EFFECT ON TOMATOES OF AN ENRICHED 
AI^MOSPHERE MAINTAINED BY MEANS OF A STOVE 

By T. SMALL and H. L. WHITE. 

(Experimenlal and Research Station, Cheshunt, Herts,) 

Introduction. 

Experiments conducted at this station during 1924 and 1925 have 
shown that inereascMl crops may he obtained by growing tomatoes and 
cucumbers in an atmosphere enriched with carbon dioxide (i). It was 
considered, how<*ver, that the chemical method then used for generating 
the gas WHS unsuitabl(‘. for use on commercial nurseries and it was 
no(^(\s8ary to investigate other means of artificial enrichment. 

During n>2G and 1927 att<mi})fs were made to obtain enriched atmo¬ 
spheres [)y means of a portable stove burning patent fuel, and also by 
fermentation of a mixture (consisting of tomato haulms and stable 
manure. 

The (‘xperirnents W(‘re carri<»4 out in a glasshouse partitioned into six 
chambers, each having a capacity of approximately 2000 cubic feet and 
containing 5(5 (omato ])lants. The manurial treatment and other cultural 
operations were the* same in all the chambers and conformed to the usual 
commercial practice. 

As in former ex]3eriments sampl(*s of the atmosphere wen* taken 
by displacement, and analyses were made by means of the Haldane 
apparatus (2). 

Experiments during 1926. 

The (*xpcrim(*nts were designed: 

1. To com})are the effectiveness of atmosphere enric'hed by means of 
(a) a fermentation process, (b) a stove burning patent fuel, (c) the chemical 
method used in earlier investigations. 

2. To ascertain whether, in the case of tomatoes grown in enriched 
atmospheres, it is more profitable to grow two crops each year. 

3. To ascertain whether mechanical mixing of the carbon dioxide and 
air is essential as far as crop yield is concerned. 

Ann. Biol, xvii 
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For the purposes of these objectives two successive crops were grown 
in 1926 and were treated as described below. 

First crop. Each chamber was planted on January 15th with 56 
tomato plants of an early variety, Tuckswood, which were “stopped’’ at 
the third truss and no side shoots allowed to develop. Treatment was 
given from March 3rd to May 15th as follows: 

Chamber X 1. Carbon dioxide by fermentation of a mixture of tomato 
haulms and stable manure. 

Chambers X 2 and X 4. Controls. Normal atmosphere. 

Chamber Z 3. A stove burning patent fuel was used from 9 to 11 a.m. 
and 3 to 5 p.m. each day, five blocks of fuel being used on each 
occasion. 

Chamber X 5. An average concentration of 60 parts carbon dioxide per 
10,0(X) of air from 9 to 10 a.m. daily, the gas being generated from 
sodium bicarbonate and concentrated sulphuric acid and distributed 
by a fan. 

Chamber X 6. Treatment similar to that in X 5 except that no fan was 
used. 


Tal)le I. 

The effect of atmospheres enriched with carbon dioxide upon 
crop yield in tomatoes (1926). 

Production 


Chamber Treatment 

X 1 Carbon dioxide by fermentation (Int crop) 
Carbon dioxide by stove method from 9 to 
11 a.m. and 3 to 5 p.m. daily (2nd crop) 
X 3 Carbon dioxide by stove method from 9 to 
11 a.m. and 3 to 6 p.m. daily 
X 6 Carbon dioxide by chemical method; 60 
parts of gas from 9 to 10 a.m. daily. Fan 
used 

X e Asm X 6 except no fan used 
X 2 Control. Normal atmosphere 
X 4 

Av. of control chambers 

Av. of treated chambers (omit X 1) 

„ „ „ (XlandX3) 

,, ft ft (X 6 and X 6) 



First crop 


{Second crop 


LbT 

Tons 


Lb. 

Tons 


per 

per 

Itela- 

IK)r 

per 

Kela- 

plant 

acre 

tivo 

plant 

acre 

tivo 

1*93 

11*58 

101 

— 

_ 



— 

— 

2*35 

14*10 

112 

2-47 

14*82 

129 

2*27 

13*62 

108 

2-01 

12*06 

105 

2*18 

13*08 

104 

2-37 

14*22 

123 

2*07 

12*42 

98 

1*71 

10*26 

__ 

2*06 

12*36 

— 

213 

12*78 

-- 

2*13 

12*78 


1-92 

11*52 

100 

2*10 

12*60 

100 

2-28 

13*68 

119 


— 

— 

— 

— 

— 

2*31 

12-86 

no 

— 


-- 

2*12 

12*76 

102 
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Second crop. Each chamber was planted on June 7th with 56 tomato 
plants, variety Rochford’s Improved Ailsa Craig, which were “stopped” 
at the fifth truss and no side shoots allowed to develop. The treatment, 
given from July 7th to August 27th, was similar to that for the first crop 
except that in A 1 the stove method was used instead of the fermentation 
process. 

The results are summarised in Table I. 

The effectiveness of the various methods used, to obtain 
enriched atmospheres. 

{a) The fermentation process. Reference to Table I shows that no 
increased yield was obtained by this process. This result was anticipated 
because the concentration of <;arbon dioxide was almost normal. 

The fermenting material consisted of a mixture of three parts steam(‘-d 
tomato haulms and one part stable manure frequently moistened with 
a 1 ])f'r cent, solution of cane sugar. The mixture was placed in a tank 
of 10 cubic feet capacity inside the chamber. Tomato haulms are plentiful 
at the end of the season and if they could be made to yield sufficient 
carbon dioxide by fermentation, the cost of the process of obtaining 
(*nriched atmospheres would be lowered. The method, however, seemed 
unpractical and was not tested upon the second crop. 

(h) 7'he stove method. Of fh('. methods used to obtain enriched atmo- 
splnTcs in 1926, the stove apparatus produc<Hl the greatest in(‘-rease in 
(?ro]) yield. The increase was 29 per cent, in the first (Top and vras 10 ])er 
cent, in tln^ second crop. The snniller increase in the latter crop was 
probably due to the shorter period of treatment and to a severe attack 
of tomato l('af mould {(^ladosporium falvum). 

(c) The chemical method. This was lused in chambers X 5 and X 6 and 
the only definite increase <)btained was one of 25 ])er cent, in the first 
crop in X 6. It is diflicult to understand wdiy no increase^ occurred in A" 5, 
because similar treatment increased the crop in former experiments. 

The cultivation of two crops in one season. 

In a previous pap(T(i) reasons were given for assuming that, in the 
case of tomatoes grown in enriched atmospheres, the cultivation of t wo 
successive crops may be more profitable than that of a single crop grown 
throughout the season. The total yield in X 3, i.e. the most productive 
chamber in 1926, was 4-74 lb. per plant. Thus, under the experimental 
conditions, the cultivation of tw^o crops, planted January and J une re¬ 
spectively, was not profitable. The result should not be taken as a guide 

iy-~2 
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to commercial methods, however, because, owing to the coal strike, fuel 
became diflFicult to obtain, and the second crop came to maturity slowly 
and suffered from leaf mould which affected carbon dioxide assimilation. 


The effect of mechanically rnixing the carbon dioxide and air. 

During the earlier investigations the carbon dioxide was mixed with 
the air of the chamber by means of a fan. Such a rapid distribution, 
while being desirable for experimental purposes, may be unnecessary as 
far as crop yield is concerned. The latter point was examined in J92G as 
follows: 

In each of the chambers X 5 and X 6, 6 lb. of sodium bicarbonate 
were decomposed by sulphuric acid and during decomposition the gas 
was distributed by means of a fan in X 5, while in 6 it was allowed 
to diffuse into the atmosphere. The results, given in Table T, show that 
in the first crop increases of 5 and 25 per (».ent. were obtained in X 5 and 
X 6 respectively, and that in the second crop the yields were almost equal 
in the two chambers. The results indicate that mixing of the carbon 
dioxide and air is not essential from the standpoint of crop yield. 

The distribution of the gas in these chambers is worth noting. 
Analyses of samples taken in X 5 are given below and show that the 
fan caused a rapid and almost uniform distribution of the gas. 


Distribution of carbon dioxide in X 5 inmxdiately after decomposition. 

Wall of chamber 



Noi-th 

{South 

East 

West 

Concentration’*' 0 in. from ground 

97 

91 

91 

94 

99 b ft. ,, 

98 

101 

93 

88 


♦ Throu<];hout the i)ai)er the concentration of carbon dioxide is given in jiarts ]Kn 
10,000 of air. 

Analyses of samples taken in A 6 arc given below and show that 
following upon a short period of marked stratification the gas became 
almost evenly distributed. 

Distribution of carbon dioxide in X 6 immediately after decomposition. 




Wall of chamber 



North 

South 

East 

West 

Concentration 6 in. from ground 

659 

450 

451 

626 

„ 6 ft. 

39 

75 

47 

31 
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Distribution of carbon dioxide in at various times. 



Time in minutes after decomposition 

_ _ . .-A.. . . - . 


r- 

0 

15 

30 

Concentration 6 in. from ground 

491 

86 • 

63 

6 ft. 

44 

82 

67 

„ 12 ft. 

55 

101 

68 


Comparison of (he stove and chemical methods used to obtain 
enriched atmospheres. 

In tin' foregoing experiments daily treatment with the stove differed 
from that of the chemi(*>al method in several important respects. Chambers 
in which the stove was used received 35*3 cubhi fe(^t of gas daily whh'h 
was generated continuously over two periods each of 2 hours, the con¬ 
centration at each period being at least J8 parts per 10,000 for 1*5 hours 
as shown by the following data: 


Titijo in from com-1 

moneoment of iroatrneiit ] 

Oonctmtration 14-(i 


4 r > (>0 

184 231 


105 135 

23-5 18-2 


On th(' other hand, chaml)ers treated by the chemical method re- 
c('iv(‘d 254)8 cubic feet of carbon dioxide daily, all of which was generated 
in a, few minutes, giving a high initial concentration which decreased 
gradually until the end of th(' hour when the ventilators were opened. 
The averages concentration was approximately 60 parts per 10.000 of air 
for I hour as shown below. 


(loncMnitraiien imraodiatoly after (Jecomposition 94 
Ooiioontraiion 1 hour after decomposition ... 32 

Average for 1 hour ... .. 03 

The better results obtained by the stove method may be attributed 
to any or all of the above mentioned differences. 


The effect of atmospheres enriched by the stove method upon cucumbers. 

This was tested in a cuc.umber house of 6,500 cubic feet capacity 
containing 72 plants, which were planted on February 23rd and grown 
in the usual (‘commercial manner. Commencing on March 15th, 10 to 
15 blocks of fuel were used twice daily from 9 to 11 a.m. and 3 to 5 p.m., 
but on July 3rd the experiment was discontinued owing to the unhealthy 
appearance of the crop. This deleterious effect was first noticed on 
April 30th and was possibly due to absence of ventilation; (efforts to 
detect carbon monoxide in the atmosphere of tin* house were unsuc¬ 
cessful. 
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The experiment was interesting, however, because it showed that 
enriched atmospheres may be obtained in moderately large glasshouses. 
The concentration of carbon dioxide when ten blocks of fuel were used 
is given below, the stove being situated in the (centre of the house and 
the samples taken in two positions, A and J5, which were midway between 
the ends of the house and the stove. 


(1) With cucumber beds and plants absent. 


1’ime in minutos from enm-j 
mencemeni of trtiatmont j 

0 

45 

75 

95 

120 

150 


CVmoentratioii. Position A 

30 

14-1 

28-9 

21-0 

24 0 

18-3 



4-7 

— 

250 

28(> 

34-4 

22-4 


(2) With cucumber beds and, plants (72) 

jrresenf. 



Time in minutes from com-) 
menctunent of treainutnt j 

() 

30 

45 

80 

105 

120 

150 

(Jonceiitratifin. l*osition A 

10*3 

30 8 

430 

5M 

47-9 

4(»*7 

37-1 

,, B 

23-8 

32-4 

44-9 

44-1 

430 

44-8 

330 


The above data show that the maximum concentration was 34*4 })arts 
per 10,()()() of air when the beds and plants were absent and was 51*1 
when th(‘se were present. The results indicated that the pr(*s(incc of the 
beds and plants was responsible for the higher conctuitration in the latter 
case, and suggested that the amount of carbon dioxide in ordinary cu¬ 
cumber houses during th(‘ season was much above the normal. This 
suggestion was borne out by analyses of samples taken in various houses. 
For example, th(‘, concentration in four different cucumber houses at 
9 a.m. on April 29th was 20, 39, 26, and 29 parts p(T 10,000 resp(‘(‘tiv(dy, 
while, as shown below, the minimum concentration during tin' day in 
oiKi cucumber house on May 10th was 13 parts. 

Time 9.0 a.m. 11.0 a.m. 12.0 p.m. 2.0 p.m. 4.30 p.m. 5.45 p.m. 

Ooneentration 39-4 18*1 15*6 13-3 14-9 18-5 

It may be that, under the weak light conditions prevailing in cu¬ 
cumber houses, the concentration of carbon dioxide, which is continually 
reinforced by decomposition of the stal)le manure in the cucumber bed, 
is sufficient for the requirements of the crop. Further work is necessary 
to test this assumption. 

Experiments during 1927. 

Tn view of the results obtained in 1926 a more extensive trial of the 
stove method of artificial enrichment was made in 1927. Since in former 
experiments the greater part of the increased crops obtained in the treated 
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chambers had been picked by the end of June, it was decided to compare 
the effect of treatment throughout the season with that of treatment for 
the first half of the season only. The experiments were, therefore, arranged 
as follows: 

Chambers X 1 and X 4. Stove used from April 1st to September IlOth. 

,, X 3 and X 6. Stove used from April 1st to June 30th. 

,, X 2 and X 5. (Controls. Normal atmosphere. 

Each chamber was planted on Manjh 15th with 56 tomato plants, 
variety Balch’s Ailsa Crag. The stove was used from 9 to 11 a.m. and 
3 to 5 p.m. daily, five blocks of fuel being burned on each occasion giving 
a (ioncentration of at least 18 parts carbon dioxide per 10,000 of air for 
1-5 hours (see p. 85). The results, summarised in Table If, show that 
the average increase* in crop was 16 per cent, where plants were treated 
throughout the s(‘ason and was 9 per cent, where treatment was given 
for th(‘ first half of the season only. In the latt(*r case the production 

Table II. 

77/c effect of atmospheres enriched tvith carbon dioxide upon 
crop yield in tomatoes (1927). 





Production 


( 'haiiibcr Treatment 


( 

Lb. per Tons per 
}>lant acre 

dative 

A' 1 

Stove used tv^dee daily from April Ist to Sept. 30th 7 (K) 

424H> 

115 

A 4 

»» M 


7* 13 

42 78 

117 

X a 

Stove used twiee daily from April Isi to June 30ih 0-78 

40G8 

112 

XO 

,, ,, ,, 

»■» 

G-41 

38*40 

lOti 

X 2 

Control. Normal atmosphere 


GOO 

30*54 


X 5 



G-04 

30*24 



Average of control chainbc'.rs 


G-OG 

30*39 

100 


Average of treated chambers (X 1 and X 4) 

70G 

42*30 

ini 


*» »> »» 

(X 3 and X G) 

G-59 

39*54 

109 


Table III. 





Showing the monihlg production in the 

various chambers. 




Production (lb. per plant) 


Chamber of treatment May 

.June July 

Aug. Sept, 

Oct. 

Total 

X 1 

April Ist to Sept. 30th 0 01 

214 1*32 

1G2 107 

0*84 

7*(K) 

X4 

„ 005 

2*50 1*47 

1*20 1 15 

0*70 

7 13 

X3 

April Ist to June 30th 0*04 

2*51 1*58 

103 1*05 

0*57 

0*78 

X 6 

M 0*01 

2*05 1*81 

M3 0-81 

0*00 

0*41 

X2 

(Vnitrol chamber 0*05 

2*34 1*03 

M3 0 89 

0'G5 

G09 

X6 

« .. 004 

2*26 1*31 

109 0-81 

0*.53 

G*04 
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during the second half of the season was scarcely above that of the 
control chambers. This is shown in Table III which gives the monthly 
pickings. 

Thus, the results suggest that it is necessary to treat the plants 
throughout the season. It is worth noting that the summer of 1927 was 
abnormally wet and sunless and that an increase greater than 1G per cent, 
would possibly be obtained in a normal summer. 

The stove treatment in relation to commercial practice. 

Consistent increased yields were obtained in chambers where the 
stove was used in 1926 and 1927. These results lead to a consideration 
of two tjuestions, namely, (1) whether the method is suitable for use on 
commercial nurseries, (2) whether the increase in crop is sutticient to 
warrant commercial exy)loitation of the pro(*-ess. With regard to the first 
question it is concluded that the method is very suitable for use under 
commercial c.onditions. To fill and light the stoves is very simple and 
they require no further attention. They are portable, well insulated, and 
may be placed among the plants. In the experiments described in this 
paper the nearest plants were 1 foot distant from the stove and only 
those leaves immediately above the stove were scorched. No smoke is 
produced. The amount of fuel supplied and hence the carbon dioxide 
may be varied in accordance with prevailing weather conditions. 

Consideration of the second question shows that the IG per cent, 
increase obtained under the experimental conditions is insufficient to 
cover the present cost of stoves and fuel. Hence, either a greater in(T('as(^ 
in crop or lower costs are necessary to make tin' method economically 
feasible. 

Grateful acknowledgment is made to Dr W. P. Bewley for sug¬ 
gestions and advice during the course of the investigation. 

Summary. 

1. The effect on the tomato crop of atmospheres enriched in respect 
of carbon dioxide liberated by two methods with possibilities of com¬ 
mercial application, (1) a fermentation process, and (2) a portable stove, 
is compared with that of carbon dioxide liberated by acid from sodium 
bicarbonate. 

2. The concentration of carbon dioxide obtained from the fermenta¬ 
tion process was insufficient to give any increase in jdeld. Using the 
stove method, which gave a concentration of at least 18 parts per 10,000 
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for 1-5 hours twice daily, the average increase in crop was 16 per cent, 
where plants were treated throughout the season and was 9 per cent, 
where they were treated for the first half of the season only. 

3. Relatively high concentrations of carbon dioxide are shown to be 
normally present in cucumber houses. It is suggested that, under the 
weak light conditions prevailing in such houses, the concentration is 
sufficient for the requirements of the crop. 

4. Mechanical mixing of the carbon dioxide and air is not essential 
from the vstandpoint of crop production. 

5. In th(^ case of tomatoes grown in enriiffied atmospheres, the culti¬ 
vation of two crops, planted January and June respectively, was not 
profitable under the experimental conditions. 

6. Thi' stovc‘ method of treatment is discaissed in nJation to commercijil 
practice. 
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INTRODUCTION. 

The need for controlled environmental conditions in the study of the 
physiolof^y of plants in health and disease has long been recognised. The 
expense involved in the construction of the apparatus necuLssary for this 
kind of work has, however, deterred workers from attempting such 
experiments. Little work of the kind appears to have been done in this 
country except for the researches of Gregory on the physiology of 
Cucumis (2,^)^ in which plants were grown under controlled conditions of 
air temperature, humidity and illumination. In the United States, how¬ 
ever, a much more extensive development of this type of work, com- 










R H. Stoughton 


91 


mensurate with the greater availability of funds, has been achieved. The 
earlier work in that country was confined to experiments on the relation 
of soil temperature to certain diseases. The control apparatus for this 
purpose, developed at Wisconsin by L. E. Jones (7,8) and his co-workers, 
has become the standard type known as the Wisconsin soil temperature 
tank.” Later workers, especially Peltier(ii), Hottes(i), and Johnson(6), 
progresses 1 further anel constructed apparatus for controlling air con¬ 
ditions either simultaneously with or independently of soil factors. 
Facilities for such work reached their culmination in the controlled 
glasshouses at the Boyce Thompson Institute for Plant Eesearch at 
Yonkers (1). 

In connc^ction with early experiments on the angular hjaf spot disease 
of cotton the writer constructed a simple (*hamber in which air tempera¬ 
ture and humidity were controlled and artificial light provided(12). The 
results of (‘xp(‘riments in this apparatus led to an interest in the work 
being taken by the Empire Marketing Board, which provided a grant 
for the construction f)f the more elaborate tanks and chambers described 
in this paper. It is not pro])osed here to give details of experiments 
actually carried out in the apparatus but only to describe the construction 
and fitting up of the chambers. Later j)apers will deal with the experi- 
Tmmtal results of studic^s on the disease ref(*rred to above. Full con¬ 
structional details with scale drawings are given to render the article as 
us(dul as possible, sim^e it is understood tliat the constru(*tion of similar 
a.])}}aratus is Ixdng considered by other workers. 


GENERAL PROBLEM OF CONTROL. 

Tlio environmental factors, any or all of which may bi‘ of importance 
in inflinmcing the incidence, severity or spread of any particular disease, 
fall into three categoric^s and may be tabulated as follows: 


Htoltufkal 

Flora and fauna of tho soil and air 


dipmical 

Soil nutrients 
PhysirAil 

Soil temperature 
Soil moiHturo 
Soil aeration 
Soil reaction 


Air, eonipoaition 


Soil condition 

Air U‘mperature 

Air humidity (and rain) 


Air movement 
Lij^ht mtensity 
Light quality 


Of these, the first two groups may be considered as special subjects 
of investigation and outside the scope of the present in(|niry. The appa¬ 
ratus to be described has been devised for tho study of tlie physitjal 
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factors of the environment only. While the other factors, however, are 
omitted from the consideration of the effect of the physical environment, 
they must be known, or at least, if not known, kept constant. It is 
axiomatic that in studying the influence of any particular factor or 
factors the. other conditions must remain unchanged or fluctuate simi¬ 
larly for all the experimental plants, but it is surprising how frequently 
this elementary principle is overlooked in such investigations. Results 
have been published, for example, on the relation of soil temperature to 
various diseases which affect not only the roots but also the aerial ])arts 
of plants, without information on the conditions environing those aerial 
parts, and com])arisons have been made between th(‘ results of different 
experiments where it is at h‘asi unlikely that all other factors besides that 
under investigation are alike in the separate experiments. It is not main¬ 
tained that information of value cannot be deprived from studies of a 
single factor which is controlled while the others fluctuate, but only that 
comparisons between exp(‘rimeni.s where these unknown fluctuations are 
dissimilar may lead to erroneous conclusions. Th(‘ recognition of this 
principle brings one to the greatest practical difficulty in th(‘ devising of 
apparatus for this work, the difficulty of indepemlenl c'-ontrol of the factors. 
Most of th(^ physical factors are interrelated so that a change in one may 
produce a change in any or all of the others, and this resulting (*hange 
may in some cases ])e large. For example, a small changes in air temp(*ra- 
ture within a closed chamber produ(*.es a relatively large chang(‘ in the 
atmospheric, humidity measured as percentage relative saturation or as 
saturation deficit, although no change in the actual weight of wat<T 
vapour ])r(\sent has been made. Now in the automatic, control of ])hysical 
factors the usual method consists in maintaining the required condition 
as near as possible to a mean value, the amplitude of the fluctuations on 
either side of the mean being determined by the sensitivity of the control 
apparatus. Since these fluctuations will affect the other factors a greater 
or less ‘'strain will be thrown on the apparatus controlling these factors 
and may result in a less accurate control. It follows therefore that the 
more accurately any particular factor can be controlled the c^asier will 
be the control of the others. It is unlikely that small variations in a 
factor will affect the disease under study and for this reason one would 
be tempted to use less sensitive apparatus, but for the reasons given 
control as exact as can reasonably be attained is necessary. This applies 
particularly to the control of temperature since the maintenance of a 
constant humidity is the most difficult problem and it is greatly facili¬ 
tated by careful attention to the temperature control. 
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It is obvious that the external conditions will considerably affect the 
case of control of the chamber. The ideal for very accurate work would 
be to instal the chambers in a room in which the atmospheric conditions 
were already roughly controlled, but the additional (;ost of this would be 
considerable. A compromise has been made at Rothamsted by installing 
the apparatus in a small room in which the door and window are at 
opposite ends. A small porthole type of exhaust fan is fitted to a louvre 
box ventilator in the window, the rest of which is darkened, and this is 
arranged to blow air continuously into the room, the door being left open 
to provide a through draught. Owing to the very consid(‘rable hc^at given 
off by the flood-lights it is usxial to arrange for the lighting to b(*. given 
only at night, so that th(‘ drop in outside temperature during the night 
is compensated by this heatbig effect. By this means the room tempera¬ 
ture is kept usually within a 5 -10'^ 0. range. Good control of the air 
conditions within the chambers at any temperat ure abov(‘. 20"^ 0. and of 
the soil temperature above 15^ C. can be oldained throughout the 
year except during very hot periods in the summer. 

The particular practical difficulties of control will be dealt with in the 
separate considerations of the individual factors. 

'rift: i owvixoL apparatus. 

Gknkral. 

The ap))aratus corisists of three main ])arts. shown in diagrammatic 
section in Fig. 1. These are the soil temperature tank (J. Fig. 1), the air 
chamher (L, Fig. 1) and the lighting apparatus (A^ Fig. 1). These three 
])arts are standaniised and interchangeable between the six comjdete 
units. The dimensions and proporti(»ns given have been scdected as suit¬ 
able for the ])arti(‘.ular study (diseases of cotton) for whi(‘h the a])paratus 
was devised, but others might lx* more suitable for different conditions 
of work. The construction of the parts and method of c-ontrol of the 
factors will be taken under the separate heads. 

Soil tempkhature tank. 

Tanks, The tanks used for the control of soil temperature follow the 
dimensions and principles of the “Wisconsin soil temperature tanks'’ 
but with considerable modification. The inner lining of the unit is a metal 
tank (J5, Fig. 2), the walls of which are made of 22-gaiige galvanised iron 
sheets and the bottom of 18-gauge sheets, the internal dimensions being 
39 in. by 21 in. and 28 in. deep. The tank is made with a flange 3|in. 
wide turned out at right angles to the sides to lap over the upper edges 
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of the outer wooden casing. This outer casing (i), Figs. 2 and 3) is of 
I in. grooved and tongued deal boards and has outside dimensions of 



Fig. 1. Gen(‘ral diagrammatic section of a])paratus. soil tcmp'^atul^^ tank; H, gal¬ 
vanised iron lining; G, granulated ctirk insulating layer; /A outer wooden easing; 

drawer for heater; F, heating net; O, cover of tank; //, soil containers; /, thermo¬ 
stat for tank; J, felt strip; K, heating lamp for air chain her; X, air chamber; 
J/, thermostat for chamber; N, hygrostat; O, fan; electric blower; trap for oil; 
Rf relays; Ey humidifier; T, drip device; U. reservoir; 1', inlet pipe for water screen; 
Wy lamps; Xy lamp gallery; F, lead spout; Zy gutter. 

47 in. by 29 in. and 32| in. deep, leaving a space of 3 in, between the 
walls and the metal tank and 4 in. between the bottoms. The tank rests 









Hm 




i 


To Battery 


To Mains 


7fe--^ 




Fig. 2. Longitudinal vertical «ectioii of apparatu» (to 8cal<‘)- »<^dl toniporaturo tank; 

Jif galvanised iron lining; C, granulated (^‘rk insulating layer; />, outer woodtai case; 
E, drawer for heater; F, metal cover; “Ct^lotex” lining of cover; JJ, soil container; 
7, felt strip; J, inlet pipe to tank; K, heating lamp for air chamber; L, air chamber; 
M, glass wall; A% dead air space; O, inlet pi^ie for water-screen; P, gutti^r; single 
upper sheet of glass; 72, thermostat for chamber; S, relay; 7\ lead sjiout. 
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on three wooden bars 5 in. by 4 in. nailed to the side and back bottom 
corners of the casing and two transverse battens, 2 in. by 4 in., 1()| in. 
apart on the floor of the casing. Between these battens a space of 2 in. 
from the bottom of the casing is enclosed by J in. wooden boards. These 
spaces and the space between the walls of the casing and the tank are 
filled with granulated cork for heat insulation (C, Figs. 2 and 3). Shallow 
drawers [E, Figs. 2 and 3), to hold the heating units, slide in the remain¬ 
ing spaces below the bottom of the tank. These drawers are constructed 
of in. deal with a bottom of J in. Uralite asbestos board, the sides being 
lined with the same material. The front 4 in. of the drawers arc made of 
solid wood with a half-cut flange to fit a similar recess in the outer casing. 
The construction will be clear from Figs. 2 and 3. A short length of ?> in. 
iron pipe at each end of the tank 1 in. from the top, passing through the 
tank and casing and held in place by back nuts provides for a flow of 
water through the tank. 

Heaters. The heating units (//, Fig. 3) are electric resistanc.(i nets of 
wire woven on an asbestos framework, 18 in. by 8 in. made to specifica¬ 
tion by the Cressall Manufacturing Co., Eclipse Works, Birmingham. 
They can be made of any loading, but for tem])eratures up to 35^^ C. 
150 watts loading each has been found suitable. They arc laid loosely on 
two pieces of glass tubing (Jut to fit the drawers lengthwise. Lengths of 
rubber-insulatcHl enable are soldered to the two ends of the resistance wire 
and these pass through holes bored in the solid wood front of the drawee 
and to theends are attached porcelain-insulated one-way cable connectors. 
Further protection and insxilation of these leads inside the drawers is 
provided by lengths of glass tubing slid over them. According to th(i 
temperature at which it is required to run the tanks th<* heating units 
may be wired in series (giving a total loading of 50 watts) or in parallel 
(450 watts) or in any combination. The advantage of this method of 
heating the tanks over the heater tube and lamp method used in th(*> 
Wisconsin apparatus is that in the event of any failure tln^. h(*aters are 
accessible with ease and without any dismantling of the apparatus. In 
addition, owing to the low temperature at which they run (below red 
heat) the nets have a practically unlimited hmgth of life. Further, the 
distribution of heat is much more uniform than with the vertical heater 
tube used in the Wisconsin tanks. 

Cover. The cover, shown in plan in Fig. 4 and in section in Figs. 2 
and 3, consists of a top and bottom of 24-gauge tinned iron (F, Figs. 2 
and 3) with a double layer of J in. “Celotex” between (6r, Fig. 2 and 3). 
The lower sheet of metal is bent twice at right angles over the edges of 




Fig. 3. TransverHC vortical .section of apparatii.s (to scalo). J, soil tciiiperatiirc tank; 
/f, galvanised iron lining; (\ granulat-t*(i cork; IK woodon easinc; drawee for hcatei; 
h\ metal cover; G, “Celotex” lining of cover; //, heating net; /. felt strip; thermo¬ 
stat for tank; A", relay; /v» air chamber; Jl/, glas.s walls; dead air space; C>, door; 
Pf thermometer for tank; porcelain cable connector.s. 
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the insulating material and soldered to the upper sheet to form a flange 
2 in. wide which rests on the edges of the tank. The cover has eight 8 in. 
openings for the soil containers and two in. holes for the thermostat 
and a thermometer. All the openings are lined with galvanised iron 
collars, fitted round the inside edges, bent over, and soldered watertight. 
The whole cover is given two coats of waterproof white paint. A cellulose 
paint such as “Luc” has proved most satisfactory. 

Soil containers. The soil cans {H, Fig. 2) are made of 24-gauge tinned 
iron with internal side seams, well soldered so as to be watertight. They 
are 9 in. deep over all, 8 in. diameter at the top and I in. less at the bottom 
so that they can be easity removed. A rolled bead or “swage” is made 
1 in. from the iop to support them in the openings in the cover. It should 



be pointed out that this depth (effectively 8 in.) has f)een selected as 
convenient and suitable for the purpose in view, hut deeper tins could 
be employed where necessary. The de])th of the tank is arranged with 
this in view, although the chief advantage of so considerable a volume 
of water is in the greater steadiness of the temperature control and in 
the more uniform temperature distribution around the soil tins. 

Thermostat. The thermostat (J, Fig. 3) employed is a modification of 
the standard electric mercury-toluol thermor(‘gulator used for water 
baths. It consists of a mercury bulb about 4^ in. long and | in. diameter, 
sealed to a tube 8 in. in length with a bore of about I in. carrying a side 
arm fitted with an adjusting screw. An adjustable nichrome needle 
passes through a cork in the widened end of the tube, and a piece of 
platinum wire sealed into the tube opposite the side arm provides the 
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other contact. The whole is filled with clean mercury; a drop of pure 
paraffin oil may be put on the top of the mercury to prevent oxidising. 
Control within C. or less is easily obtainable with this type of thermo¬ 
stat. The heating current is controlled through a relay (to be described 
later) operating from a 4-volt battery. 

Other soil conditions. No attempt has been made as yet to control the 
other two factors which are not predetermined by the choice of the soil, 
namely, soil aeration and soil moisture. In the experiments on the disease 
under study it has been found satisfactory merely to supply water when 
inspection of the soil indicates the necessity. 

Air chamber. 

Construction, For the control of atmospheric conditions double- 
walled glass cases (L, Figs, 2 and 3) were built to fit on to the standardised 
soil temperature tanks, 3 ft. in height. The frame is constructed of 2 in. 



by 2 in. teak with 2 in. by 1 in. rails rather more than half-way up the 
side. Selected 21 oz. clear window glass is used for glazing, the panes 
being recessed J in. and fixed with a J in. corner bead. This leaves a dead- 
air space of 1| in. (N, Figs. 2 and 3) between the glass walls, providing 
some degree of heat insulation. Two doors, recessed with the frame 
(Figs. 3 and 5). occupying the whole of one side provide full access to 
the interior. The top of the frame is constructed with 2 in. by 3 in. 

7—2 
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material with a 2 in. by 2 in. transverse rail. The inner roof consists of 
two sheets of glass like the walls, but the upper is a single sheet of 26 oz. 
glass resting in recesses in the side rails and supported in the middle by 
the transverse rail: \ in. strips nailed around the sides of the top rails 
while the putty used for fixing the top sheet is still soft provide a water¬ 
tight joint. The top of the case thus forms a shallow trough 1| in. deep. 
At one end is a J in. ‘‘eompo” gas-pipe (0, Fig. 2) with a connecting- 
tube of I in. brass soldered to the middle, the lattin* passing through a 
hole in the middle of the wooden rail. This compo tube is perforated with 
small holes about 2 in. apart except in the middle where about six holes 
J in. apart are made to provide a greater flow of water in the middle of 
the trough beneath tln^ lights. At the other end the wooden side is cut 



away to leavt* three gaps 4| in. wide. The gaps arc lim'd with h'ad sheet 
Ix'ut so as to form a lip to lead thc' water into a gutter of galvanised iron 
(7^ Fig. 2) screwed on to the side of the chamber at a slight angle and 
provided with a down-pipe leading to the drain. The thickru'ss of the lead, 
which just overlaps the glass, provides a slight obstacle to the flow of 
water, so that a water screen about J in. deep is obtained. The even flow 
of the water is facilitated by having th<' whole apparatus slightly higher 
at the inflow end. 

A thicjk layer of h'lt glued to the underside of the bottom rails of the 
cases provides a good seal with the soil t(*mperaturc tank below. 

The details of construction of the cases will be apparent from a study 
of Figs. 2, 3, 5 and 6. 
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Control of air temperature. 

Heaters, The heat for the air chambers is provided by two carbon 
filament lamf)S held in batten holders screwed to the lid of the tank, a 
slot being cut with a hacksaw in the side of each holder to admit the flex 
for the electrical connection. The lamps are wired in parallel across the 
mains, with tlui relay, opcjrated by the thermostat, in one main lead. 
The choice of lamj) depends u])on the temperature requinMl within the 
(ihamber, the end aimed at being to obtain such a rate of heating that 
the lamps are on and off for approximately ('qual times. For temperatures 
above 25^" C. during the winter 32 candle-power lamps are suitable. The 
direct radiant heat from the lamps is screened from the j)lants by 
cylinders of asbestos card pinched together at the top with a paper-clip 
and perforat'd with a number of holes. 

Thermostat, The thermostat (/?, Fig. 2) used for the control of the 
air cluimlKTs is one made by the firm of John Grundy, Ltd., ('ity Hoad, 
London. This is a bi-nud-allic thermostat which may be adjusted to 
op(‘rate its two-way switch at any predetermined tempcirature from below 
freezing-j)oint to 8(1^ C. The contacts of the two-way switch are short 
platinum win\s fused into a sealed glass tube about 1 in. long and ^ in. 
diam(‘ter. This tube contains a globule of rnercniry and an inert gas. The 
tube is tilted from side to side (thus changing tin' electrical contact) by 
a pin ])rojecting from the free end of the thermostatic strip and ])assing 
into a bifurcated member mounted on a pivoted steel shaft w^orkiug in 
sa})phire bearings, tin* whole arranged in a movable carriage. An im¬ 
portant advantag(' of this thermostat is that should the a|)paratus not 
be in use, or should the temperature rise or fall from the point at which 
the instrument is set, tin* thermostatic strip and pin is free to move and 
})ass right out of the bifurcated member in either direction; thus the strip 
is nev(*r held, and no strain is put upon it wdiich would obviously upset 
its adjustment. 

As used in the air chambers the thermostat acts as a single-pole 
switch operating the tilting-tube relay to be described; tw^o only of the 
three contac'ts in the tube are therefore used. A control of air temperature 
within a range of 0. is easily obtained. 

Control of air humidiftf. 

The automatic control of humidity presents a greater problem than 
that of temperature. Considerations of space and of expense prohibited 
the instalment of the various somewhat elaborate types of air-conditioning 
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apparatus used at Wisconsin (6), Illinois (4), the Boyce Thompson Insti¬ 
tute (i) and other American institutions. Earlier experiments (13) had led 
to the development of a simple form of humidity control which had been 
found to give satisfactory results in small chambers, and this has been 
used with modifications for these larger cases. 

The humidifier. The apparatus (Pig. 7) depends for its action on the 
controlled vaporisation of water from a wet muslin surface. A tin 
(A, Pig. 7), some 8 in. in height and 4 in. in diameter (the familar “Bath 
Oliver’* biscuit tin is very suitable), has a hole made in the bottom some¬ 
what larger than the diameter of the metal neck of an 8 candle-power 
carbon filament lamp which passes through the hole and is held in place 
by a piece of wide rubber tubing serving as a washer. The bulb of the 
lamp is closely covered with one end of a strip of muslin stitched in place, 
the other end passing through a smaller hole in the bottom of the tin 
and dipping into a vessel of distilled water. A hole towards one side of 
the lid is provided with a rubber stopper and through this passes a con¬ 
stant-drip device to ensure continuous wetting of the muslin. This device 
consists of a piece of glass tubing drawn out to a fine point and sealed 
into a wider tube at the point where the tapering begins. The fine tip is 
protected from blocking by a short sealed tube small enough to slide 
within the wide tube. Both the wide tube and the cap having been filled 
with filtered distilled water, the latter is carefully slid down the tube 
until it covers the fine tip. The whole is connected to a reservoir of 
distilled water supported on a shelf screwed to the top of the chamber. 
A constant supply of water then drips slowly from the lower tube, the 
end of which is drawn out to a blunt taper and reach('.s nearly to the top 
of the lamp. The rate of drip is controlled by the size of the fine tip, and 
should be fast enough to ensure that the muslin is always wet. A rate' 
of 14 or 15 drops per minute is satisfactory for average conditions. 

Near the top of the tin are bored two holes diametrically opposite, 
each having a rubber stopper through which passes a short length of 
glass tubing. The tube to serve as inlet is drawn out to a wide “jet” and 
the outlet to the chamber is made vSomewhat funnel-shaped. The “jet” 
of the inlet is usually placed about | in, from the funnel of the outlet, 
and is connected to an electric blower^ via a Wolff’s bottle which acts as 
a trap for any oil blown over by the motor and also as a divider for the 
air supply, since one blower can supply two or three chambers. The lamp 
in the tin is controlled through a relay by a hair hygrostat within the 
chamber. When the lamp is not glowing, the air stream from the “jet” 

^ Lennox No. 1 Blower, supplied by Messrs A. Oallenkamp and Co. 
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passes straight through to the chamber without taking up any appre¬ 
ciable amount of moisture in its passage through the tin, and this entry 
of air, which is usually drier tlian that withiri the chamber, results in a 
lowering of the relative humidity within the latter. At the required point 



Fig. 7. Details of humidifier. tin; 8 candle-power carbon filament lamp; C, muslin 
covering lamp loosely; cylinder for water; K, air inlet to tin; air exit to chamber; 
G, tube to k^ad drip to lamp; //, drip jet; connecting tube to reservoir; J, water 
reservoir; K, bracket screwed to top of chamber: L, relay; Jf, glass walls of ehamber; 
A\ side rail of chamber. 
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the hygrostat releases the relay, switching on the current to the lamp. 
The heat rapidly vaporises water from the muslin and some of the vapour 
is carried into the chamber by the air stream until the making of the 
hygrostat contacts again switches off the lamp. 

For low humidities it is necessary to dry the air before passing it 
through the apparatus, preferably by freezing. Additional control of the 
range of variation can b(* ol)tained b}^ adjusting the distance ])etween the 
inlet and outlet tubes within the tin. Tf they are placed wide apart the 
air stream will take up some water vapour on its passage* through the tin, 
even when the lamp is off, while when close together little or none is 
carried through except when the lamp is glowing. For larger chaml)ers, 
or high humidities at low temperature, it may be necessary to substitute 
a 16 candle-power or even a 32 candle-power lamp for the 8 candle-power 
one specified, but in this case an adequate supply of water must be 
ensured, since if the muslin becomes dry it will char, and the decom¬ 
position products are very deleterious to plants. An 8 candle-power lamp 
will not char the muslin appreciably even if the latter becomes dry. 

The hygrostat. The hygrostat employed in these chambt*rs for the 
control of atmospheric humidity is a direct reading hair hygrometer^ 
provided with adjustable platinum-tipped contacts. Unfortunately, a 
hair hygrometer is not very constant in action and requires frequent 
checking and resetting. It is probable that a more satisfactory type of 
hygrometer could be devised for the purpose. 

The hygrostat is checked periodically against a dew-point hygrometer 
placed within the chamber, and the necessary adjustments made. 

Fans. Stratification of the air within the chamber with resulting 
temperature and humidity gradients is prevented by a small fan running 
continuously. It is necessary that the motors of these fans (as of the 
blowers) should be of the induction type, as series-commutator motors 
give constant trouble with fouled commutators and burnt-out brushes. 
Those used^ are of the semi-enclosed “squirrel cage’' induction type, of 
1/50 H.p. at 1400 U.P.M., with Sin. shaft extension and Gin. diameter 
three-way blades. The motors are mounted on brackets of 1 in. deal 
screwed to the side of the chamber, the shaft extension passing through 
a hole bored in the side rail of the cabinet. Beyond occasional oiling these 
require no attention. 

Relays, The relays used are of the tilting-tube mercury-break type*. 
A small solenoid with soft iron core is wired in series with a 4-volt battery 


* Supplied by Mesarfl Negretti and Zambra. 

* Supplied by Messrs The General Electric Co. 

* Supplied by Messrs A. Gallenkatnp and Co. 
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and the control instrument. Activation of the electro-magnet results in 
the attraction of the short arm of a bent lever, the other arm of which 
tilts up a small glass tube mounted on a platform provided with bearings. 
The tube contains a pool of mercury which, when the tube is horizontal, 
makes contact between two wires fused into the ends of the tube, and 
connected in series with the mains and the heating unit. When the tube 
is tilted ])y the lever the pool of mercury breaks, switching off the curnuit. 
The relay takes ap])roximat(dy 0*05 amp. at 4 volts. 

The r(i]ays for th(' six tanks and chambers, eighteen in all, are run 
off a single amp.-hour 4-volt battery permanently connoct(‘d to a 

irickle charger, the output of which is adjusted to balance the current 
taken by the relays. 

The lighting apparatus. 

Tn order to obtain a constant illumination which shall be the same 
for all th(‘ chambers, artiffeial light only is used. This is ])rovided by two 
500-watt ganS-fille<l Osram lamps in special “Gecoray'’ flood-light re- 
flectorsb The lamps are very lightly frosted over the lower half of the bulb 
to giv(‘ a more ev(‘n distribution of light. The reflectors are carried in 
special holders screwed to a wooden frame whicii stands on the toj) of 
the air chamlxTs ajid is held from shifting by dowel y>ins lilting into holes 
in the wooden rails of th(‘ top. The reflectors are less than 1 in. from the 
water screen flowing over tht^ top of the chamber. With those lights an 
average' illumination of 8{K) 900 foot-candles at the h'vel of the cover of 
iho tank is given. The main leads for the lamps are taken through a 
50 amp. Venner time switch wln(*h can he .set to give any required period of 
illumination. As stated above, where non-contimious illumination is used 
th(' dark period is usually arranged to be during the w'arm part of the day. 

Summary. 

An account is given of the construction of tanks and cliambers for the 
growing of plants under independently controlled soil and air conditions. 
The plants are grown in soil tins sunk in a water tank, the temperature 
of which is automatically controlled. Double-walled glass chambers fit 
over the tanks, and within these the conditions of temperature and 
humidity are independently controlled. Artificial illumination is pro¬ 
vided by two floodlights over each chamber, with 500-watt gas-filled 
lamps in each providing an illumination of the order of 1000 foot-candles. 
The chambers were erected under a grant from the Empire Marketing 
Board for research on the bacterial disease of cotton. 


^ Supplied by Messrs The General Electric Co. 
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EXPLANATION OF PLATES V AND VI 

PLATE V. 

General view of apparatus showing three of the chambers containing 
cotton seedlings. 

PLATE VI. 

View of single chamber. (N.B. The thermostat in the chamber is not 
of the type finally adopted.) 
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A BOTANICAL STUDY OF HAY PLOTS 

By E. WYLLIE FENTON, M.A., B.Sc. 

{Biological Department, Edinburgh and East of Scotland 
College of Agriculture.) 

Introduction. 

While engaged in advisory work at Seale-Hayne Agricultural College, 
Devonshire, grassland problems were frequent. The results of the trial 
plots throughout the county at times were rather unexpected, and the 
reason not always obvious. It was with a view to testing the competitive 
relations of grasses and clovers, under south-western conditions, which 
led to the laying down of a few more plots for close observation and to 
trace the changes which occurred from year to year. The fact that Red 
Clover seed is not always true Late Flowering or Broad-leaved was the 
first important point gained. The failure of Alsike Clover was another 
gain, while the composition of the hay crop from year to year threw a 
flood of light on what had occurred and was still happening in some 
districts (8). 

Unfortunately, it was not known that the Welsh Plant Breeding 
Station were engaged on somewhat similar problems until their publica¬ 
tion appeared. Otherwise references would have been made to the excel¬ 
lent work just published from Aberystwyth. 

The plots. 

The plots were of the “door mat” type, 2 yards by 2 yards, and were 
prepared in 1921-2 from part of an old permanent pasture. The soil was 
ploughed and hand dug and the small 6-inch strips between the pairs of 
plots trodden hard and kept free from weeds. Between one pair of plots 
and another ran strips of 1 foot also trodden hard and kept free from 
weeds. During the last year of investigation these strips were hoed, per¬ 
mitted to grow, and closely cut; the turf forming very quickly. The soil 
consisted of a medium loam inclined to be slightly silty but not deficient 
in lime. The exposure was S.S.E. and the altitude 350 to 400 feet above 
sea-level. The average rmnfall was about 40 inches. The plots were re¬ 
garded from the outset rather as a feeler and to get botanical information 
before attempting any large-scale experiments on a chess-board principle. 
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The experiment. 

The series of plots were put down simultaneously with others in order 
to discover (1) the competitive relationship of (icrtain plants to each other 
under south-western conditions; (2) what proportion each plant ^ave 
towards the production of hay; (3) the final result of continuous cutting 
and removal of hay, without the addition of any manuiHis, for si^veral 
years. 

The plots of lied Clover and Timothy, Cocksfoot and Alsike Clover, 
Perennial Rye Grass and Alsike Clover wttc to test the possibility of 
these mixture's for agricultural purposes in the South-west of Kngland. 
Some W'cre obvious mixtures, such as Red Clovers and Rye? Grasses, 
except that more delinite knowledge of the yield givt'u by each was 
required. The Rye Grass and Wild White Clov(*r, and Rye Grass and 
ordinary White (/lover were experimental in order to discover what pro- 
])ortion of each was juesent after a few yccars and how the, ])lants react<‘d 
under hay conditions. Many of the plots were not expe(*-ted to yiihl out¬ 
standing results, but the history of the changes could be observed and 
noted. The plots of all legumes and all grasses respectively were of a 
purely experimental nature, in order to watch the struggle for existen(‘(' 
and the changes towards a more stable vegeta.tion under hay conditions. 

The weights of seeds sown were based on the weight required to cover 
the ground with vegetation, expressed as per acre. 

The size of the plots naturally introduces a considerable', experi¬ 
mental error. Not only is this due to actual size and shape, but light 
could enter laterally on one side and to a certain extent on three sides. 
This was realised at the beginning of the experiment, but questions of 
cost, labour (as many other plots had to be controlled simultaneously), 
ease of comparison, and of making observations, outweighed other con¬ 
siderations. The weights have been left as pounds and ounces (1(>/13), 
and not converted to weight per acre so as not to magnify any error. 
The weights are not considered as such, but merely as a rough )>asis of 
comparison. 

Methods adopted. 

The plots were cut twice per annum except the first year when they 
were cut in the autumn. At first they were weighc'.d green and also when 
dried. Owing to the difficulty of drying without leaving the material on 
the small plots and consequently upsetting the growth beneath, and also 
at times the unfavourable weather conditions, this method was aban¬ 
doned. Drying the bulk indoors was also impossible owing to the diffi- 



B. Wyllie Fenton 


109 


culty of carrying all without some loss and the huge space which would 
have been necessary with this and other work of a similar nature running 
concurrently. Repeated attempts were made to get some relationship 
between the green and the dry weight, both in bulk and for the separate 
species. After many efforts the results were not sufficiently stable to rely 
on any figure. For grasses the dry weight was of the green weight. 
Clovers and legumes were about the same, sometimes a little less accord¬ 
ing to circumstances. The weights recorded are the weights of the crop 
cut green. 

Samples were carefully drawn from each plot and air dried in the 
laboratory. This, of course, introduces another difficulty as it was impos¬ 
sible to do the analysis by weight when green. In spite of this the differ¬ 
ence in each case is sufficiently well marked not to make it unreliable for 
a general assessment of the proportion of each plant present in the hay. 
It was noted, while trying to find some factor for estimating dry from 
green weight, that the dry weight did not alter the order of the plots as 
regards yi(‘ld, and that there was not any serious discrepancy between 
the proportionate yields of the plots, although there were some small 
variations. 

The whole of each plot sample was carefully analysed out and pla(;cd 
in a marked package. When the scenes was completed they were weighed 
on the same day so as to keep the weights in proportion. 

The weight of the first cut, 1927, was not tak(‘n, as it was then intended 
to leav(» the plots under pastures conditions. Owing to the writer leaving 
in Octoix'r, how('ver, the aftermath of 1927 was weighed and sampled so 
as to round off the experiment and bring it to a close. 

Results. 

1924. (Tables 1 and 11.) At the end of the ]>eriod of growth 1924, the 
weight of yield for 1923 being added, resulted as might be expected in 
the all-legume plot, 15 a, giving the highest yield. After this plot, the 
Red Clover plots, 9 6, 9 a, 13 6, 8 a, 10 a, 13 a, 10 6, and 11 6, showed 
very little difference and can be roughly placed in the second place. 
Such differences as do exist may be consich'rod as ox])erimental error, 
riot 12 a gave a smaller yield than 9 a and 9 6. This is larg(dy duo to the 
different proportion of ingredients upsetting the balance. The Cocksfoot 
and Alsike plots were not a success, for and lOa showed little difference. 
It will be seen that the Perennial Rye and Meadow Fescue Grass was not 
a successful combination, while Perennial Rye and Alsike, and Perennial 
Rye and Wild White Clover were poor in top growth. Unfortunately, 



Seed soxen in plots expressed as pounds per acre. 
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the Broad Red Clover proved to be impure, containing Late Flowering 
Red Clover plants. This fact led to a separate scries of trials ( 3 ). 

1925. (Tables I and 111.) In this year the Timothy and Red Clover 
(Late Flowering) took the lead in yield, Timothy giving 75 per cent, of 
the yield from the first cut. Plots 9 a and 15 a show little difference. 
Plot 15 a consisted of Red Clover and Sainfoin, as far as legumes were 
concerned, a few of the other ingredients being present in small quantity 
but grasses gave a fair yield towards the total. Plot 13 i was interesting 
as Perennial Rye had crept in, doubtless due to seeds lying in the soil 
from the original pasture (i). Plot 11showed the presence of both 
Perennial and Italian Rye, the latter must have been from seeds outside 
the plot. Plots 9 a, 15 r/, 13 h and life tend to form a group occupying 
second j)lace. Plot 13 a is interesting, since a considerable amount of 
Perennial Rye appeared. This is probably largely due to the presence of 
Wild White Clover in the plot, which although not adding directly to the 
plot does so indirectly by favouring Perimnial Rye Grass (ii). In 9 fe the 
proportions are very similar to 1924. The same is true of 12 a. Plots 
13 a, 9 fe and 12 a form the third group. In 10 fe the Italian Rye Grass 
has increased considi^rably since the previous year and Red Clover de¬ 
creased. The same is true of 10 a, th(5 two plots showing little difference. 
In 8 fe the (!!)ocksfoot has got the upper hand and Alsike, owing to the 
summer drought, has fallen far behind. In 15 fe Tall Oat is the chief 
ingrcMlieut, although there were traces of Timothy, Cocksfoot, Sweet 
Vernal, C^restod Dogstail, and Golden Oat. In 11a Perennial Rye natu¬ 
rally gave the yield, although some other plants had crept in. In 16 a 
Cocksfoot practically overwhelmcHl the few’ nnnaining plants of Alsike 
Clover, though not so (?omph*tely as in 8 fe. Perennial Rye topped the 
Alsike in 14 fe but the Clov(>r was present. In 12 fe Perennial Rye has 
kept IVfeadow Fescue in che(;k, but is not so plentiful as it was in 1924. 
In 14 a Perennial Rye has kept the Alsike Clover in check and Yellow 
Suckling Clover has competed with it, the result being that the yield is 
small. 

1926. (Tables I and IV.) Plot 10 fe gave the highest yield but the 
quality was poor consid(U*ing that 24 per cent, was Soft Broun*, 21 per 
cent. Dock, and 18 per cent. Yorkshire Fog. The failure of the Red Clovt‘r 
and the dying out of the Italian Rye Grass allowed these plants to get 
things too much their own way. In 9 fe Red Clover lasted well and with 
the Rye Grass gave a good yield of good quality. In 15 a the legumes 
came next. In 13 6 the Wild White Clover having stimulated dormant 
seeds of Perennial Rye, the yield of Rye is 40 per cent, of the total, an 
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increase of 23 per cent, on the previous year. In 10 a the Red Clover has 
increased, and as might be expected Italian Rye has dropped to 20 per 
cent. The increase in Red Clover is due to the small ])roportion of Italian 
Rye in the total bulk. Plot 12 h presents a curious state of affairs. Rye 
Grass has fallen to 10 per cent., but the rest is made up of such interlopers 
as Black Mexlick 27 per cent., Bent^ 29 per cent., and Rough Stalked Meadow 
Grass 13 per cent., as well as a few others. The bulk of the yield therefore 
consists of other plants than those sown. Plot 8 a gave a smaller yield 
in 1926, the fall being due not to the Timothy but to the failure of the 
Red Clover. In a depleted yield Timothy gave the same proportion of 
75 per cent. In 14 b Bent and Yellow Suckling Clover gave 59 per cent, 
of the total. White Clover has died out, and as a result Perennial Rye 
has fallen to 11 per cent, from 82 per cent. In 11 a Wild White Clover 
has increased in the hay from G per cent, to 17 per (jent., but Perennial 
Rye has fallen from 77 per cent, to 43 per cent. Yellow Suckling Clover 
has crept in and formed 17 per cent, of the total. This has helped to 
depress the Perennial Rye. Plot 116 shows a drop in the percentage of 
Red Clover, a slight increase in the percentage of Italian Ry(', and a large 
increase in Rough Stalked Meadow Grass, 8 per cent. Yellow Suckling 
Clover and 10 per cent. Soft Bromo. In this plot, as elsewhere, it is 
evident that grasses soon crept into plots sown only with Clovers. 
Plot 15 6 consisted chiefly of Tall Oat, Golden Oat, with traces of Cocks¬ 
foot, F(iscues, Crested Dogstail and some Sweet Vernal. In 9 a the per¬ 
centage remains much the same. Red Clover is about the same and tht're 
is a slight deci’ease in Rye, but a mark(Hl incr(iase in Rough Stalked 
Meadow Grass. Plot 14 a is ])ra(;tically the only ])lot where Alsikc ('lover 
is present in any quantity and actually increases from 20 per cent, to 
35 per cent. Rye has decreased from 52 p(‘r cent, to 19 per cent., whih^ 
Rough Stalked Meadow Grass and Y<*l]ow Suckling Clover add much to 
the total yield. The high percentag(* of Alsikc* is due to some oxt(*nt to 
the decrease in Rye Grass, but largely to the shelter of the Rye Grass in 
the early stages of the Alsike Clover. The (dvief hulk of plot 13 a is due to 
Bent, which rose from 4 per cent, to the high figure of 40 per cent. Rough 
Stalked Meadow Grass has increased but Rye has decreased, as has Red 
Clover. Plot 12 a shows an increase in Clover but a decrease* in Rye Grass, 
Rough Stalked Meadow Grass has increas(*d, while Bent has Ixjgun to 
creep into the plot. Plot 8 6 Alsikc? Clover has made some apj)earance, 
but Cocksfoot has d(?creased, chiefly due to Bent which has increased 
from 4 per cent, to 22 per cent. In 16 a Cocksfoot has decreased from 

^ Boni chietiy Agroaiiff alba var. Monifera plus a little Agroatis vulgaris. 
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75 per cent, to 24 per cent., Alsikc Clover has increased, but Yellow 
Suckling Clover has increased from 9 per cent, to 49 per cent. This large 
increase in Yellow Suckling Clover has had a smothering effect on the 
plot. 

1927. (Tables I and V.) By the spring of 1927 all the plots were 
rather overgrown with interlopers. It was therefore decided to cc^ase 
cutting for hay and cut to keep the growth in check, and, provided the 
grasses became dominant, to cut frequently to represent grazing. ThivS 
plan was not followed out as the writer left the district at the end of 
October. In order to finish the experiment from a hay point of view, the 
autumn cut or aftermath was carefully made and analysed. Owing to an 
unfortunate accident the samples from 8 a, 8 6, 9 a, and 9 6 were damaged 
and no analysis could be made. The yields were obtained and these with 
the analysis of the other plots were added to the previous results as a 
final observation. 

The general result in 1927 was that all the Red Clover had practically 
disappeared. Wild White Clover was still present and holding the ground 
nunarkably well in sj)ite of fierce competition. Grasses and weeds were 
now dominating the situation, and certainly from a hay point of view 
gave the yield. In 18 h Perennial Rye, which had crept in, provided the 
yield. In Plots 12 a and 12 Rye again provided the yield. In 18 a Bent 
and Rough Stalked Meadow Grass supply the hay. In 10 a all the Italian 
Rye had disappeared, and much of the Clover, so that other grasses gave 
the yi(;ld with a little Red Clover. Plot 15 a, the all-legume plot, gave 
the ]>oorest yield. Ther(‘ was a little Sainfoin and Red Clover with traces 
of Black Medick, Yellow Suckling Clover, Wild White Clover, and Birds 
Foot Trefoil. Grasses, chiefly Bent, gave 60 per cent, of the cut. 

Discussion. 

Yield, (Table I.) The actual w^eight of material from the various ])lots 
is not always a good indication of success or failure. Indeed, in many 
cases, especially in later years, it may be entirely misleading. It is not 
mere bulk that is the important point, quality always tells. Towards the 
end of the present experiment the weight of cut obtained from many, if 
not most of the plots, consisted of weeds (grasses), much inferior plants 
and weeds, and generally plants which were not those which came from 
the seeds orginally sown. In fact by the year 1927 many of the plots 
consisted of a totally different vegetation to that originally obtained. 
The composition of the various yields in October 1927 revealed the fact 
that most of the plots were reverting to a semi-natural vegetation 

Ann. BioL xvii 8 
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consisting of poorer types of grasses and many weeds (14). For instance, 
in 15 a by 1927 inferior grasses accounted for 60 per cent, of the yield. 
Even in 15 6, consisting entirely of grasses, by 1927 a large part of the 
yield was made up of the inferior and coarser grasses. 

Another point of importance is that the actual percentage of ingredi¬ 
ents may be much more flattering on paper than in actual fact. In 8 6 
the yield has been consistently low. Consequently the percentage pro¬ 
portion of weight yielded by Cocksfoot is flattering, unless one keeps 
constantly in mind that it is merely a high proportion of a rather poor 
yield. Iflot 16 a is another example of the same thing. Both plots were 
Cocksfoot and Alsike Clover, but in different proportions. Unfortunately, 
as was feared, the drought spells proved too much for the Alsike Clover, 
and what might otherwise have been a very successful combination is 
not suitable for a dry district or even for a district liable to suffer from 
summer drought. There are, however, some parts of the south-west where 
Alsike Clover does well. Plot 14 a is another interesting case, for the 
actual percentage is flattering on paper as the yield has invariably been 
low. The higher j)erccntage of Alsike Clover (14 a) in 1924,1925 and 1926 
is due to the fact that Perennial Rye gave more shelter l)y its early 
growth and tended also to conserve soil moisture better than Cocksfoot 
with its more open growth. Even in spite of tliivS the yi(‘ld was low, as 
Alsike would not give a very large pro])ortion to th(* weight. The early 
spring drought of 1927 practically wiped out the Alsike Clover. 

Plot 11 a was interesting, since the yield depended on the Perennial 
Rye Grass, as Wild WTiite ('llover vrouhl add little directly to the cut. 
The yield, though low, was steadily maintained. In 1926 there was 
actually 17 per cent, of Wild White Clover in the cut. By 1927 the tall 
growth was telling on the Wild White (Uover, and other grasses and 
weeds competed fiercely with it, and, as a consecjuence, Perennial Rye 
fell to 11 per cent. It shows how well Perennial Rye and Wild White 
Clover agree, and that they make a sjdendid combination for a pavsture (12). 
Plot 14 6 is another interesting case where Perennial Rye and White or 
Dutch Clover were grown together, and having a certain resemblance to 
11a. The White Clover soon died, but some Wild White Clover appeared 
in its place. In this plot Yellow Suckling Clover and Bent seriously 
interfered with the two plants originally sown. 

Plots 9 a, 9 5, 10 a, and 10 6, also 12 a, all came under one group. As 
far as the total yields are concerned there is little between 9 a and 9 b 
(69/13 and 69/5), while between 10 a and 10 h the difference is not large 
(61/7 and 64/7). In the case of 12 a it is 64. In the last case the pro- 
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portions sown meant greater competition. Owing to the fact that Broad 
Red Clover was not true to type it is not possible to make a very reliable 
comparison. It will be seen that in 1925 plot 9 a gave a higher yield than 
the others but fell below the others in 1926, while in 1927 it rose again to 
a fairly high position. Unfortunately there is no percentage figure in the 
1927 yield of these two plots. Late Flowering Red Clover, however, 
played a large part in the yield, such as it was. A noticeable feature is 
the duration of Italian Rye Grass when cut early (ii). This has been noted 
in other places where constant grazing prevented seeding. A few seeds 
may have been accidentally introduced into the plots, but this does not 
explain the high proportion of Italian Rye, as cutting took place before 
seeds were near maturity and usually at flowering time. So that here it 
is not a case of self-seeding. Plots VS a and 13 6 are interesting, since 
both yield and percentage proportions show strange differences. Till 192i 
there was little diffenuice, but, by 1925, plot 13 6 began to pull ahead. 
Plot 13 6 showed a little more Red Clover and 13 a a greater quantity 
of Perennial Rye Grass which had doubtless arisen in association with 
th(‘ Wild White Clov(‘r. Rough Stalked Meadow Grass and Bent began* 
to show in both plots. In 1926 })lot 13 b was still further ahead than 13 a, 
in spite of the fact that 13 a had more Red (flover and 13 6 more Rye 
Grass. The crux of thi' whole matter was that 13 6 had only 21 ptT cent, 
of Bent while 13 a had 40 per cent. By 1927 plot 13 a had little Red 
Clover, while. 13 h had 33 per (‘ent. in s))ite of a ]>oor yield. There were 
traces of Wild White Clover in tin* hay of both [dots. The grasses, chiefly 
Bent, Yorkshire Fog, and Soft Brome, amounted to 73 per cent, in 13 a 
and 37 per cent, in 13 6, the weeds being 9 })er cent, and 14 per cent. 
res])ectively. The })lot witli Late F1ow(*ring Thxl Clover showed a supe¬ 
riority throughout in s[)ito of the fact that th(*re was some Late 
Flowering in the Broad Red C3over plot. Plot 12 a, though more heavily 
seeded, gave a smaller yield than either 13 a or 13 6. In 11 6 Alsike gave 
nothing towards the cut, but it did compete with tlu*. Red Clov(u* and 
consequently reduced the yield. The reduction was consideralih^ the first 
year, not so much in the second, 1925, but in 1926, owing to the dis- 
appearanc(‘. of Alsike, grasses and Avecds crept in and reduced the yield 
by competing with the Red Clover. 

In the plot of grasses 15 6, except in the first year when the Rye 
Grasses yielded 63 per cent, between them, the yield steadily decreased, 
not merely in weight but in quality. This was chiefly due to the smother¬ 
ing activities of Tall Oat. As it decreased open spaces occurred which 
soon filled with Bent, although Golden Oat and Yellow Suckling Clover 
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filled some of the gaps. By 1927 Bent (Fiorin included) had invaded the 
whole plot with the result that only Tall Oat, Tall Fescue (iR), and some 
Black Medick made any appearance. Except in 1927, plot 15 6 gave 
a poor yield compared with the others, and in that year most of the other 
plots had only grasses left. Plot 12 i, as was anticipated, was a failure. 
Fescue never made any real headway against the Perennial Byeco). But 
for the Rye the plot would have been a mass of weeds. Even in 1926 
Bent and Black Medick gave 50 per cent, of the yield, and by 1927 grass 
weeds had reached the large total of 96 per cent, of the cut. 

Plot 11 u is interesting, as only Perennial Rye Grass gives weight to 
the yield, the Wild White Clover adding little directly, but aiding in¬ 
directly. The yield throughout was low but of good quality as the per¬ 
centage figures indicate. Even Wild White Clover ])ulled up by the top 
growth gave towards the yield. Plot 14 5 affords some comparison with 
15 lb. of Perennial Rye Grass and 7 lb. of White Clover seeds sown. The 
yield is greater at first but by 1926 the yield was chiefly interlopers, such 
as Yellow Suckling Clover and Bent. By 1927 no less than 72 per cent, 
consisted of grasses. For this reason 14 b cannot be closely compared 
with 11 a owing to the difference in quantity of seeds sown. Wild White 
Clover began to appear in the later stages after the White Clover had 
died. The percentage of Rye Grass present in the two plots does not 
greatly differ for II a ended with 11 per cent, and 14 b with 12 per cent. 

The most successful plot both as regards yield and quality was 8 a. 
Both Timothy and Late Flowering Red Clover held the ground right up 
to the end of 1926. By 1927 the Red Clover was dying out and the wet 
summer and autumn gave weeds and other grasses a splendid opportunity 
to compete with the Timothy Grass. Even in spite of this serious com¬ 
petition, Timothy held its own remarkably well and there was no marked 
diminution in the number of plants prescmt(io). From a hay point of 
view and yield this was an extremely successful plot. 

Competition. (Tables IT, III, IV and V.) The problem of competition 
between the various plants is at times rather difficult of interpretation 
owing to the fact that some plants are shortlived {c.g. Italian Rye and 
Commercial Perennial Rye Grasses). When such plants die, gaps are left 
in the vegetation which are filled by weeds, inferior or useful grasses, and 
legumes. Such plants are interlopers, since they are not sown in the seed 
mixture and not desirable in the crop. Practically all agricultural soils 
contain seed of interlopers. Some of these interlopers may otherwise be 
very useful plants {e.g. Perennial Rye Grass and Wild White Clover). The 
success of a crop depends on the ability of the plants sown to agree with 
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each other, and to hold the ground against interlopers. In this article 
any plants other than those sown in the seed mixture for the ]>lots are 
considered interlopers whether useful or otherwise. The interlopers with 
two exceptions came from seeds already in the soil before the hay plot 
seed mixtures were sown. The two exceptions were Italian Rye Grass and 
Crepis taraxmifolia{4). 

As has been found elsewhere, Italian Rye Grass competes far more 
fiercely with Red Clovers than Perennial Rye Grass (8). The straggle is 
more intense between Italian Rye and Broad than with Lat(i Flowering 
Red Clover. The more open growth of Late Flowering Red Clover 
means less shading of the rye grasses so that, as with Italian so with 
Perennial Rye, the best results are obtained with Late Flowering Red 
Clover. 

Wild W^hite Clover and Perennial Rye make a splendid combination 
and instead oi there being competition, these two j)laiits seem io favour 
each oth(T. In many plots where Wild White or Perennial Rye was 
present the other appeared. The presence of the one seemed to stimulate 
the otheT(iO). Generally Wild W^hite Clover pre})arcs the way, a point 
which is frequently noted in ihe improvement of a pasture ( 9 ). White or 
Dutch Clover and Perennial Rye’are not so successful. As soon as the 
Dutch White Clover ])egins to die, weeds and other grasses creep in and 
the deterioration of th(' quality is rapid. Generally White or Dutch 
Clover is taller and can be pulled up by t/op growth, but its failure to last 
and hold the ground is a serious <lisadvantage. Plot 14 a had a heavier 
seeding than 11 a, yet the penientage of Perennial Rye in the final stage 
showed little difference. Plot 11 a had 11 per cent, and 14 b had 12 per 
cent. It is pretty evident from this that, as occurred on other plots, the 
difference in the quantity of seed sown -if not great - makes less differ¬ 
ence than the amount of int(*rference and competition caused by inter¬ 
lopers. In the case of 14 6 interlopers accounted for no less than 72 per 
cent, of the yield; so that any real comparison between 11 n and 11 6 is 
not possible. The ability of Wild White Clover to hold the ground well 
more than compensated for the heavier seeding of 14 6. The interlopers 
are chiefly Bent, Yorkshire Fog, and Soft Brome among grasses, Yellow 
Suckling Clover and Black Medick among leg\imes. All these plants are 
more or less indigenous to the soil from which the plots were made. In 
addition to these, Perennial Rye Grass and Wild White Clover also appear 
where circumstances are favourable. The fact that the last two appeared 
and dominated the paths during the last year showed that the seeds were 
in the soil. The Perennial Rye which came from seed in the soil was of 



118 


A Botanical Study of Hay Plots 

the true perennial type. In fact, had it been possible to finally graze the 
Rye hay plots and give reasonable treatment, the same vegetation which 
originally existed might finally have dominated the situation. 

Perennial Rye Grass completely crushed out Meadow Fescue in 
12 6(15). Grasses and weeds filled the gap and finally Perennial Rye was 
itself crowded out. 

Perennial Rye and Alsike Clover agree extremely well. The open 
growth of Alsike Clover gives Perennial Rye full scope. Another point 
is that Perennial Rye shelters Alsike in the early parts of the year and 
tends to conserve soil moisture. The yield of 14 a was light but the pro¬ 
portion given by each of the ingredients was steady. Even when Perennial 
Rye was disappearing Alsike Clover still held its own. 

Cocksfoot and Alsike Clover also agree well and there is no reason to 
suppose that under conditions more favourable to Alsike this plot would 
have given a very different result. The tufted and non-spreading growth 
of Cocksfoot affords too little shelter to Alsike in its early growth. Alsike 
Clover got a very bad series of checks owing to early drought and 
following on this the tall growth of the Cocksfoot rather shaded the Clover. 
It is a mixture which has done extremely well in some places, but where 
there is a liability to drought it cannot be recommended. Perhaps a still 
heavier seeding of Cocksfoot might improve matters. 

Red Clover and White Clover do not combine too well(i7). Naturally 
the taller growth of both Late Flowering and Broad Leaved Red Clover 
gives Wild White and White Dutch Clover little chance. Broad Red 
seems to be a fiercer com})etitor than Late Flowering Red unless the latter 
is laid by wind and rain. Another point is that Wild White Clover does 
better under these conditions of competition than White or Dutch. 
Plots 13 a and 13 b show that not only was Late Flowering Red Clover 
the better of the two in yield but in actual balance. By 1927 plot 13 6 
had 21 per cent. Bent, but 13 a had 40 per cent. The more open growth 
of Late Flowering helps the Wild White more than the denser foliage of 
Broad Leaved Red. As a result of this, after cutting, the greater carpet 
of Wild White Clover in the Late Flowering Red plot conserved the 
moisture better; moreover, weeds got less chance to creep in and Bent 
was better held in check. Another significant point was that there was 
more Perennial Rye in 13 h than 13 a, a sure sign of superiority. Another 
point of interest is that 13 6 did better than 12 a (which had a heavier 
seeding of Late Flowering Red Clover and 10 lb. of Perennial Rye) as 
far as yield was concerned. Even allowing for the competition between 
the Rye Grass and the Red Clover it shows that Wild White Clover has 
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a real indirect value, for it holds the ground against weeds and tends to 
conserve moisture when the top growth is cut(ii). 

Ked Clover and Alsike Clover, as was expected, did not prove a very 
satisfactory combination (12). Alsike does slightly better with Late Flower¬ 
ing than with Broad Red Clover. The fact that Late Flowering Red 
Clover is slightly later in maturing and its habit of growth more open 
gives Alsike Clover a better chance. In both cases, however, the Alsike 
made little progress and weeds crept in and finally competed with Red 
Clover itself. 

Timothy and Red Clover did remarkably well. The tall erect growth 
of the Timothy did not interfere with the Red Clover and the stimulus 
of the Red Clover aids Timothy, which makes rather heavy demands for 
nitrogen. The result is that the two do not compete but are a splendid 
(combination. From a practical ])oint of view Timothy does not grow 
much aftermath, but if cut fairly early, Timothy and Red Clover together 
give a v(uy fair aftermath. Another point is that until the Red Clover 
begins to disappear weeds get little chance to make headway and the 
ground remains remarkably clean. The question as to whether the 10 : 10 
ratio is the best is still rather doubtful. 

In tlie- all-grass plot, 15 6, after the first year Tall Oat dominated the 
situation till 1927, when Tall Fescue, and a little Meadow Fescue, made 
an appearance for the first time ( 18 ). Delayed germination of the seed of 
of this has been noted frequently (iS). Italian Rye is about the only grass 
whi(;h can compete successfully with Tall Oat, for Pc^reimial Rye is not 
nearly so effective. That is, of course, when Tall Oat is seeded fairly heavy. 
The chief point about this plot is that Tall Oat dominated the plot and 
completely upset “the balance of power.’’ The ultimate result was that 
inferior grass(‘s got the dominating position. Bent, Soft Brome, and 
Yorkshir(' Fog had successfully invaded the plot in 1927. In spite of 
app(}arance the yield was never high, bringing out a point noted else¬ 
where that Tall Oat gives the impression of weight \vhich is not justified 
by fact ( 7 ). The persistence of the Fescues is important and suggests that 
with little or no Rye Grass in the mixture they may prove useful ( 7 ). 

The all-legume plot, 15 a, was entirely an experimental one. Natu¬ 
rally, at first Red Clovers dominated the situation, but as time went on 
the staying power of Sainfoin became evident. Another point is that it 
withstood a considerable amount of shading the first year and yet sur¬ 
vived. Lucerne, as was expected, could not compete against the other 
legumes. Even Crimson Clover made little headway in the first year. As 
the Red Clovers died out, however, grasses invaded the plot and soon were 
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able to compete very successfully with the remaining legumes. Sainfoin 
was the only outstanding success of this plot, after the Red Clovers died. 

Changes in the vegetation, (Tables II, III, IV and V.) The field for which 
the plots were prepared in 1921 was a good permanent pasture with a 
deep medium loam. It was not deficient in lime and must have been 
treated with phosphate previously although there was no definite record 
of this. The field was used as a pasture and grazed with sheep, cattle and 
horses. The vegetation was good, consisting largely of Perennial Rye 
Grass, Wild White Clover, some Cocksfoot, some Meadow Grasses (almost 
entirely Rough Stalked), a little Bent, Yorkshire Fog, and Soft Brome. 
The chief weeds, and they were not plentiful, were Cnicus arvensis, a few 
G. lancolatus, Beilis perennis, Rufnex obtusifolius et R, spp. near the gate 
entrance. There were also present in some quantity Black Medick and 
Yellow Suckling Clover. 

Latterly, the field has been laid up for hay after each spring grazing. 
The difference so far marked was that Soft Brome was more evident and 
to a lesser extent Yorkshire Fog, but Bent was not plentiful. Perennial 
Rye Grass and Wild White Clover still remained dominant, but Cocksfoot 
was more evident. Thistles also were more noticeable since they got an 
opportxmity to grow up. 

When the part of the field which now forms a forest nursery and 
botanical plots was broken up the ground quickly showed the presence 
of a varied weed flora. The chief weeds were Charlock and Poppy. Bent 
was also prevalent and Lychnis dioiea el diurna, Convolvulus arvensis^ 
Capsella Bursa-pastoris, Cerastium spp. and Sem*A^io vulgaris were in cer¬ 
tain years extremely common. In the case of Convolvulus it was present 
to a slight extent in the field, and during periods of drought the flower of 
Convolvulus is frequent in parched pastures in the district. The seeds of 
the others had doubtless been present to some extent and also the fact 
that hay is often fed to stock in winter in the field means the introduction 
of the seeds of many common weeds. Another point of some importance 
is that Oats used for feeding stock contain sometimes a very appreciable 
amount of the seeds of Charlock. This and the facts brought out by Miss 
Brenchley in 1918(2) explain the presence of all these weeds in pasture 
land. In Devon, as elsewhere, the varied number of weeds which grow 
on the banks of the hedges usually succeed in shedding their seeds before 
the hedges and banks are cut and trimmed. The only plants which 
wandered into the hay plots which were not native to the soil were Crepis 
taraxacifoliai^) and Italian Rye Grass. The seeds were introduced either 
by wind or by people visiting the plots. Italian Rye appeared in some 
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of the plots as an interloper in 1925 and 1926, but had disappeared by 
1927. Crepis taraxaoifolia did not appear till 1925, but continued after 
that year and was still present in 1927. 

Other weeds present during the time the hay plots were under investi¬ 
gation were: Ranunculus repens et parvijlorus, Sagina procumhens, Ana- 
gallis arvensis, Siellaria media, Sherardia arvensis, Veronica arvensis, 
F. hederafolia et agrestis, Prunella vulgaris, Myosotis arvensis,Taraxacum 
qffwinaU, Hiercuieum spp., Sonchus oleraceus, Plantago lanceolata, Poa 
annua. None of these weeds was present in any quantity, but merely a 
few plants scattered throughout the plots. 

Agrostis spp., Bromus mollis, Holcus lanatus, Poa trivialis, Medicago 
lupulina and Trifolium minus were the chief interlopers in the plots. In 

1925 Rough Stalked Meadow Grass and Bent had successfully obtained 
a footing in many of the plots (Table III). This was still more evident in 

1926 (Table IV), while Yorkshire Fog and Soft Brome had also made 
their appearance in quantity. By 1927 (Table V) Bent, Yorkshire Fog, 
Soft Brome and weeds had dominated most of the plots. A glance at the 
figures in Table V shows that in most of the plots over half the weight 
of hay was composed of plants which must be ranked as weeds. 

The appearance of many of these plants in the hay plots is therefore 
not surprising. The most interesting point, however, is that Bent (present 
to a slight extent in original vegetation) should not merely invade but 
tend to dominate some of the plots. Soft Brome was naturally favoured 
by the constant cutting. It shows very clearly the importance of atten¬ 
tion to grassland, either hay or pasture or both(2,i4). The field which was 
hayed and grazed showed no resemblance to these hay plots in 1927. In 
many of the plots Bent covered from 50 to 75 per cent, of the surface of 
the ground. The poor top growth and the impoverishment of the soil gave 
Bent a splendid opportunity. Cutting in place of grazing also favoured 
Soft Brome and Yorkshire Fog, so that both increased steadily. In fact 
the general trend of vegetative change in this direction is exactly in 
keeping with many of the grasslands of the south-west (5), It explains the 
history, or much of the history, of many meadows which were little better 
and some worse than the hay plots in 1927. The only difference is that 
in one case the history of the artificial’' bad farming is known, whereas 
in actual practice the history can often only be obtained by conjecture 
and a close scrutiny of the plants present. In a few oases information is 
available and exactly bears out in practice what has been achieved by 
artificial means, although some of these meadows are occasionally grazed. 
An initial difference probably is that the original seeds mixture, where 
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one was sown, will have been a very bad or poor one, and that the vege¬ 
tation reverted to a semi-natnral type almost from the start. Even in 
the case of plots 15 a and 10 6, by 1927 there was not much difference 
between the final vegetation of the plots. As far as the changes in the 
vegetation of the hay plots in the earlier years are concerned, there is 
nothing very outstanding except the well-known fact that plants which 
grow well together and do not compete too severely with each other make 
a more stable vegetation. Given reasonable care, those plants sown may 
hold the ground against interlopers for a reasonable, in some cases an 
indefinite time, and the same is true of pasture conditions. The Wild 
White Clover and Perennial Kye Grass combination is one of the latter 
class, and Timothy and Eed Clover are of the former. Climatic conditions 
may of course alter general possibilities such as the case of Cocksfoot and 
Alsike Clover. The greater success of Perennial Rye and Alsike Clover is 
a case of the former sheltering the latter in the early stages of its growth, 
and also Perennial Rye spreading over any bare spaces and reducing 
drought effect. Where, however, conditions are against one species and 
it fails, the other species suffers and may be overwhelmed. This becomes, 
of course, still more evident when several plants are involved instead of 
only two. In such a case the balance is more delicate and the failure of 
any one may upset the whole artificial association (ii). It once again 
brings out the fact that good management plays quite as large, if not a 
larger part in maintaining the balance of useful plants than either the 
original mixture or the natural vegetation from which the present vege¬ 
tation may have been derived. There is no doubt that bad management 
can reduce all to the same common denominator of poverty (is, JO). 

Conclusions. 

Red Clovers give the greater part of the hay yield when present with 
another grass, clover, or a mixture of these. 

As soon as the Red Clovers decrease, weeds and inferior grasses appear 
and rapidly gain a dominant position. The surviving grasses of those 
originally sown cannot hold weeds and inferior grasses in check. A com¬ 
plete grass mixture with tall and rapid growing species present can hold 
the ground against interlopers for a considerable time (15 b), 

Timothy and Late Flowering Red Clover make a splendid combina¬ 
tion for hay. With a persistent Late Red (Cornish Marl or Montgomery 
Red) the yield could be maintained for years. 

Alsike Clover is not successful where summer drought occurs. It 
grows better with Perennial Rye Grass than Cocksfoot. 
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Perennial Kye Grass and Wild WTiite Clover form a natural associ¬ 
ation when biotic or other factors keep the herbage short. 

Ked Clovers and Alsike Clover do not agree. The same antagonism 
exists between Rye and Fescue grasses. 

Tall Oat Grass is not suitable for a hay mixture under ordinary 
conditions, as it tends to upset the balance of the mixture. 

Sainfoin is very persistent and, like Cocksfoot, a good drought resister. 

Tall Fescue Grass, which formed the bulk of the Fescue yield, although 
slow in development is very persistent and a good drought resister. This 
grass deserves further trial. 

A pasture vegetation {e,g. Perennial Rye and Wild White Clover) is 
not suitable for hay and can only yield a light crop. The continued use 
of this for hay alone upsets the association of grass and clover, and thus 
encourages inferior grasses and weeds. 

The previous vegetation may, by means of buried seeds, have a 
considerable effect on the subsequent vegetation raised from sown seeds. 

The changes in the vegetation of the poorer plots follows the retro¬ 
gression of many hay fields under certain farming conditions. 

The slow but steady introduction of arable weed seeds into grassland 
by various means is a lurking menace during the early seedling stages 
of any sown seeds mixture. 

The final state of many of the plots bore a striking resemblance to 
many poor grasslands in the south-west of England. Continuous cutting 
and removal of hay with no manuring impoverishes the soil, weakens the 
competitive capacity of the useful grasses and clovers, and encourages 
Bent, Yorkshire Fog, Soft Brome and weeds. 

By 1927 Bent, Soft Brome and Yorkshire Fog, with a smaller but 
varying proportion of weeds, dominated most of the plots. 

The fluctuating proportions of Bent, Yorkshire Fog and Soft Brome 
from year to year show that competition with other species is the chief 
factor in deciding the proportions of these grasses present in the plots. 

The seeds mixture used must not only be suitable for the purpose 
required, but also suitable to the soil and climatic conditions of the dis¬ 
trict. If unsuitable the crop fails to form an artificial association strong 
enough to keep out undesirable species (often native to the soil) which 
will ultimately dominate the sown plants. 

Sound management is the most important factor in the successful 
handling of grassland for hay, since it virtually means the controlling of 
competition between the plants present in such a way as to favour the 
useful and discourage the less nutritious plants and weeds. 
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To Mr C. A. Cosway, B.Sc., I am deeply indebted for his help with 
the botanical analysis. 
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Table I. 

Weight of hay from phis 1923-7 in pounds and ounces. 


(18/8 - 18 pounds, 8 ozs.) Plots 2x2 yds. 



1923 

1924 

1923-4 

1925 


1926 


1927 

1023-7 

Plot 

Oct. 

r 

June 

Aug. 

Total 

t — ~ 

June 

Nov. 

Total 

Juno 

Oct. 

Total 


Total 

8a 

/9 

18/8 

7/11 

26112 

24/4 

3/9 

27/13 

8/7 

1/6 

9/13 

8/12 

73/2 

86 

/9 

8/0 

6/7 

1510 

11/4 

3/16 

15/3 

3/10 

1/6 

5/0 

9/12 

44/15 

9a 

/14 

19/0 

7/2 

2710 

20/1 

5/3 

25/4 

3/9 

4/12 

8/5 

9/4 

69/13 

96 

lU 

21/8 

6/11 

2811 

16/4 

4/3 

20/7 

7/11 

6/6 

13/1 

7/12 

69/5 

10 a 

1/0 

18/0 

7/12 

26112 

12/16 

4/3 

17/2 

8/16 

2/2 

U/l 

6/8 

61/7 

10 6 

/U 

18/0 

6/13 

25111 

12/8 

4/15 

17/7 

10/1 

4/0 

14/1 

7/4 

6417 

11a 

/» 

6/8 

2/4 

815 

9/12 

3/16 

13/11 

8/1 

1/0 

9/1 

9/4 

40/7 

11 h 

/lO 

21/8 

3/6 

25/7 

17/8 

5/10 

23/6 

6/1 

2/14 

8/15 

10/12 

68/8 

12 a 

/II 

16/0 

6/0 

20/11 

16/2 

3/7 

19/9 

3/2 

2/2 

5/4 

8/8 

54/0 

12 6 

/4 

4/8 

2/5 

8/1 

6/11 

3/13 

10/8 

5/12 

6/0 

10/12 

9/4 

38/9 

13 a 

/18 

21/0 

4/10 

26/7 

17/2 

4/6 

21/7 

4/6 

2/10 

6/15 

8/0 

62/13 

13 6 

/II 

22/0 

4/6 

27/0 

18/7 

6/10 

24/1 

8/1 

3/12 

11/13 

8/12 

71/10 

14 a 

/ll 

7/8 

3/12 

11/5 

6/11 

2/3 

8/14 

4/16 

2/2 

6/17 

7/0 

34/4 

14 6 

n 

9/0 

7/13 

17/4 


3/7 

11/9 

4/12 

4/14 

9/10 

8/6 

46/13 

15 a 

1/9 

27/0 

4/10 

32/9 

17/6 

7/6 

24/10 

6/2 

6/14 

12/0 

6/0 

74/0 

16 6 

/16 

8/8 

4/5 

13/12 

12/3 

2/6 

14/8 

5/13 

2/12 

8/9 

9/8 

46/5 



Table II. 1924. 

Percentage by loeight of plants present in hay. 

8 a 8& 9 a 9 6 10 a 10 6 11a 11 & 12 a 12 & 13 a 13 b 14 a 14 b 15 a 13 b 16 a 
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POLYSULPHIDE SULPHUR IN RELATION TO THE 
FUNGICIDAL EFFICIENCY OF CERTAIN SPRAY 

MATERIALS 

By WILLIAM GOODWIN, H. MARTIN and E. S. SALMON. 

{Research Dept., South-Easfsrn Agricultural College, Wye, Kent.) 

Indications of the fungicidal properties of sulphur in the polysulphide 
form were secured by Eyre and Salmon (2). Colourless solutions of am¬ 
monium hydrosulphide and of ammonium sulphide, on being allowed to 
stand exposed to the air, developed the yellow colour indicative of the 
formation of polysulphide and it was observed that this change was 
accompanied by an increased fungicidal efficiency of these solutions. 

Hence arose the suggestion that the fungicidal powers not only of 
ammonium polysulphide solutions but also of lime sulphur, liver of sul¬ 
phur and other polysulphide compounds may })e determined by their 
content of polysulphide sulphur. This hypothesis has since been subjected 
to a criti(;al examination upon the reactions of the hop powdery mildew 
{Splaurolheca Huniili (DC.) Burr.) to such solutions. Owing to the short 
period of the year during which the biological material is available, the 
work has already occupied some fifteen years. The results of these in¬ 
vestigations have been published in a series of papers entitled “The 
Fungicidal Properties of certain Spray-fluids'*(2,3,7,8), which, however, 
partake of the nature of progress rej)ortfi and which contain much matter 
irrelevant to this particular problem. The object of the present com¬ 
munication is to separate, survey and co-ordinate those results so far 
o])tained which have a direct bearing upon the question in hand. 

Soluble polysulphide compounds arise by virtue of the fact that 
solutions of ammonium and certain metallic sulphides are able to com¬ 
bine with free sulphur. By “polysulphide** sulphur is meant this addi¬ 
tional sulphur—the sulphur present in sulphide form in excess of that 
required to form the normal sulphide. This latter form of sulphur has 
been called the “monosulphide” sulphur. The polysulphide sulphur may 
be detected and its amount estimated, since by the passage of carbon 
dioxide or by the addition of the salt of a metal forming an insoluble 
sulphide, it is precipitated as free sulphur. The sulphur present as mono¬ 
sulphide sulphur, on the other hand, is either removed as hydrogen 
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sulphide or as the metallic sulphide. The method employed throughout 
the greater part of the woiflc described below to estimate the polysulphide 
sulphur depends upon its precipitation as free sulphur by the addition of 
zinc chloride (see (5)). For the estimation of the sulphur present as mono¬ 
sulphide sulphur, as thiosulphate, as sulphate and of the total sulphur 
present, the methods already described (6) were employed. 

The fungus used in testing the fungicidal value of the various solu¬ 
tions was the hop powdery mildew. To avoid, as far as possible, variation 
on the part of the host plant with possible consequent effects on the 
vigour of the fungus, all the plants used were clone plants, i.e. plants 
raised vegetatively by cuttings from one individual hop plant which had 
proved very susceptible to the mildew. The plants were grown in pots 
in an unheated greenhouse under conditions “standardised” as far as 
possible. The stage of the fungus selected for spra}dng was the young 
“powdery” conidial stage produced on young leaves at the third to sixth 
node from the apex. For each trial ten or more leaves were u.sed, each 
bearing several (4-20) powdery patches of the mildew whilst the same 
number of leaves at the same nodes bearing similar mildew patches were 
kept as controls. Where a comparative test of two solutions was required, 
the controls were used for the second spray. In this way a comparison 
was possible under similar biological and external conditions. 

The spray fluids were applied by means of a hand atomiser throwing 
a fine mist-like spray. To ensure a thorough and complete wetting of the 
fungus a spreader, generally soft soap or gelatine, was added to the 
solution. In comparative work it was found necessary to employ the 
same concentration of the same spreader, for not only is the total amount 
of the spray retained on the leaf dependent upon the strength and nature 
of the spreader, but evidence was obtained that the spreader may have 
a direct influence upon the fungicidal efiiciency of the spray. 

The criterion employed to judge the extent of fungicidal action of the 
spray was the re-growth of fresh conidiophores from the sprayed mildew 
patches. The solution was considered fungicidal when no growth of 
conidiophores had occurred within ten days, a period sufficiently long to 
indicate the killing of the mycelium. 

Experimental. 

The hypothesis that the polysulphide sulphur content of the poly¬ 
sulphide group of fungicides gives a measure of their relative fungicidal 
efficiencies is confirmed by work which may be divided into the following 
sections. 
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L Firstly, it was established that the total content of sulphur gives 
no index of fungicidal value as was shown by the work of Eyre, Salmon 
and Wormald(3), in which various solutions of ammonium polysulphide 
were used with 1 per cent, soft soap as the spreader. Their results are 
illustrated by the following examples: 

Total sulphur 

Solution gm. per 100 c.o. Approximate fungicidal strength 

II 9*1 Fungicidal at 1 : 30; nearly fungicidal at 1 : 50 

III 29*1 Fungicidal at 1 : 30; very nearly fungicidal at 1 : 50 

IV 24*2 Fungicidal at 1 : 100 

Thus, solutions II and III have almost the same fungicidal efficiency, 
yet solution III contains three times as much total sulphur. Also, solu¬ 
tion IV has less total sulphur than solution III, yet is about three times 
as effective as a fungicide. 

2. Secondly, it was shown that the constituents of the polysulphide 
solution other than polysulphide sulphur are without appreciable fun¬ 
gicidal action. Our knowledge of the chemistry of the polysulphide 
solutions is still incomplete, but the known constituents include those sul¬ 
phide compounds possessing sulphur in monosulphide and polysulphide 
form, the thiosulphate and (in the case of the alkali metals) the sulphate 
of the metal, whilst, according to sotne authorities, the sulphite and 
hydroxyhydrosulphide of the metal are suspected constituents. Finally, 
owing to the hydrolysis of the polysulphide compounds, the presence of 
traces of hydrogen sulphide and free hydroxyl ions has been demonstrated 
by Goodwin and Martin (O). It must be pointed out that similar products 
of hydrolysis will, however, appear in solutions of the hydroxyhydro¬ 
sulphide. Horton and Salmon (8) examined the fungicidal properties of the 
following possible constituents of lime sulphur solutions at strengths well 
above those present in a fungicidal solution of lime sulphur; 

Calcium sulphate (saturated solution!. Non-fungicidal 

Calcium sulphite (5 per cent, suspension) . „ 

Calcium thiosulphate (0*5 gm. thiosulphate sulphur per 100 c.c. „ 

Calcium hydroxyhydrosulphide (0'86 gm. monosulphide sul-) 

phur per 100 c.c.) . } ** 

In the above experiments, a suspension of calcium caseinate containing 
1 per cent, casein and 0*4 per cent, calcium oxide was employed as the 
spreader. 

Further, Eyre and Salmon (2) not only showed a solution of 1 per cent, 
sodium thiosulphate (approximately 0-26 gm. thiosulphate sulphur per 

Ann. Biol, xvn 9 
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100 c.c.) and 1 per cent, soft soap to be non-fungicidal, but proved 
Foreman’s contention (4) that free alkali is the potent fungicidal agent of 
liver of sulphur to be untenable by finding a solution containing 0-5 per 
cent, caustic soda plus 1 per cent, soft soap to be non-fungicidal. The 
fungicidal properties of hydrogen sulphide against S, Humuli have not 
been closely examined, but Eyre and Salmon showed that a solution con¬ 
taining 0*056 per cent, sulphur as hydrogen sulphide plus 1 per cent, soft 
soap was non-fimgicidal. 

3. Thirdly, it has been shown that the presence of varying amounts 
of the possible constituents (in particular, sulphur as thiosulphate and in 
the form of monosulphide sulphur) has no influence upon the fungicidal 
effectiveness of the polysulphide sulphur. 

That the sulphur in monosulphide form has no effect upon the direct 
fungicidal efficiency may be deduced from the results secured by Eyre, 
Salmon and Wormald already quoted in section 1. Unfortunately, 
methods for the direct estimation of polysulphide sulphur were, at that 
time, unavailable. It may be assumed, however, that the amount of thio¬ 
sulphate sulphur initially present in the ammonium polysulphide solu¬ 
tions they employed was negligible^ for, by the method of preparation, 
oxygen was excluded by the ammonia and hydrogen sulphide present. 
The figures quoted by Eyre, Salmon and Wormald for “sulphide” sul¬ 
phur are, from their method of estimation, those which in later work hav(i 
been called monosulphide sulphur; the figures for polysulphide sulphur 
may then be obtained by difference. Despite the possible inaccuracy of 
the polysulphide figure, the agreement shown in the following example 
is sufficient to permit the conclusion that the relatively large amount of 
monosulphide sulphur in solution III has not affected the fungicidal 
activity of its polysulphide sulphur: 



Gm. 

per 100 C.C. 



“Sulphide* 

* Polysulphide 

Approximate 

SoJution 

sulphur 

sulphur 

fungicidal strength 

III 

24*6 

4*6 

Fungicidal at 1 : 30 

IV 

10*6 

13*6 

Fungicidal at 1 : 100 


In trials, more strictly comparable in that the solutions were con¬ 
trasted by spraying upon opposite leaves at the same node, Eyre, Salmon 
and Wormald arrived at similar results of which the following may serve 
as examples: 

^ Solutions prepared by the method used for solutions III and IV below were found to 
contain 0*12 and 0*17 gm. thiosulphate sulphur per 100 c.c. respectively, when analysed 
within 24 hours of preparation. 
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Ammonium polysulphide solutions plus 1 per cent soft soap. 
Ratio 

PolyBulphide monosulphide 



sulphur 

sulphur/poly- 


Solution 

gm. per 
100 C.C. 

sulpiiide 

Buipiiur 

Effect on fungus 

fVllX 

0 077 

0-60/110 

Fungicidal 

(XI 

0-078 

5-23/16-7 

VIII 

XI 

0-053 

0-50/MO 

Nearly all tho patches killed; a very few patches 
with a few, usually scattered, conidiophoros 
Nearly all the patches killed; a few patches with 

0-052 

5-23/15-7 




clustered conidiophores at the edges 

V 

VII 

0077 

0077 

20/1-23 

Fungicidal on 8 leaves, very nearly fungicidal on 
2 leaves, not quite fungicidal on 1 leaf 
Fungicidal on 7 leaves, very nearly fungicidal on 

a-8/3-4 




2 leaves, not quite fungicidal on 1 leaf (1 leaf died) 


An important corollary follows from this conclusion, namely, that the 
fungi(;idal efficiency of the polysulphide sulphur is the same whether the 
lower polysulphides or the higher predominate in the solution. It is 
Ihe ratio of raonosulphide sulphur to polysulphide sulphur which deter- 
miii(\s the status of the polysulphide compounds present. Thus, in solution 
VJir above, the analysis shows that the ammonium polysulphide com¬ 
pound present approximates closely to the formula whereas 

the gr(‘at('r part of the polysulphide sulphur present in solution XI would 
be in the form represented by the formula (N 114 ) 28 .S 3 . 

That the amount of thiosulphate sulphur initially present in the poly- 
sulphide solution does not adversely affect the activity of the poly¬ 
sulphide sulphur may be illustrated by the following examples obtained 
in experiments in 1929^, In each case recorded below, the effects of 
external conditions have been eliminated by spraying opposite leaves at 
the same node with various calcium polysulphide solutions, using 0-5 per 
cent, gelatine as the spreader: 




Ratio 

Ref. 

Polysulphide 

sulphur 

thiosulphate 

8ulphur/t>oly8uli)hide Effect on 

no. 

gni. per 100 c.c. 

sulphur nuldew 

(52/29 

(51/29 

0-108 

0-108 

33-0/100 Fungicidal 

3-2/UK) 

fOl/29 

0-090 

27*0/10(J Fungicidal 

(02/29 

0-100 

2-3/100 


4. Finally, the point was established that the fungicidal efficiency of 
the polysulphide sulphur was independent of the base present. It was 
considered possible by Eyre, Salmon and Wormald(3) that, since different 
ammonium polysulphide solutions containing equal amounts of poly- 

^ Fuller details of tho 1928 and 1029 oxperimonts with polysulphide sprays will be 
published in “The Fungicidal Properties of certain Spray-Fluids, Part VI1.“ 


9—2 
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sulphide sulphur behaved similarly as fungicides, ammonium polysul¬ 
phide solutions i|nd lime sulphur solutions having the same polysulphide 
sulphur content might have the same fungicidal action. Emplo 3 dng 1 per 
cent, saponin as the spreader they were able to show, despite possible 
inaccuracies in the polysulphide figure, an agreement sufficiently close to 
warrant further trials; 


Ammonium polysulphide {solution XI) and lime sulphur {solution XII). 


Solution 

Polysulphido 

sulphur 

gm. per 100 o.c. 

Effect of solution on mildew 

|XI 

IXII 

0078 

0078 

1 All patches killed on 4 leaves; on 6 leaves some 
J patches killed, but many only more or less 

1 checked 

fXl 

0113 

Almost fungicidal on 4 leaves; patches severely 

1 


checked on 4 leaves, slightly checked on'2 
leaves 

Patches severely checked on 5 leaves, slightly 

Ixil 

0113 


checked on 5 leaves 

In 1923, we (7) were able to compare potassium polysulphide solutions 
(prepared from a commercial liver of sulphur) and sodium polysulphide 
solutions (prepared from the commercial product ‘‘Sulfluid”) with the 
following results, 1 per cent, soft soap being the spreader used: 


Liver of sulphur {A) and '^Suljluid^' {B). 


Ref. 

Polysulphide 

sulphur 

no. 

gra, per 100 c.c. 

>A 22 

003 

U 22 

003 

jA 13 

0121 

\b12 

012 


Effect on mildew 

By the tenth day, all patches on 1 leaf sterile; 
on 0 leaves some patches showed fresh scat¬ 
tered conidiophores while other patches were 
sterile 

By the tenth day, fresh scattered conidiophores 
arising from some patches on 6 of the loaves 
while the other patches and all those on the 
remaining 2 leaves were dead 

Fungicidal 

» 


The composition of the two commercial products used was; 



Liver of sulphur 

A 

«( 

Sulfluid” 

A 

Polysulphide sulphur 

% 

27-56 

-^ 

100-0 

/o 

7-05 

100-0 

Monosulphide sulphur 

9-28 

33-7 

1-67 

22-3 

Thiosulphate sulphur 

8-56 

31-1 

0-41 

5-8 

Sulphate sulphur 

2-01 

7-3 

0-73 

10-4 
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Despite the differences in the amounts of sulphur compounds associated 
with equal polysulphide sulphur, the two sprays behaved similarly as 
fungicides. 

In continuation of this work, two solutions of sodium and potassium 
polysulphides were prepared in the laboratory by the passage of hydrogen 
sulphide into solutions of the hydroxides, the resultant mixture being 
boiled with excess of sulphur. Spraying trials, using 1 per cent, soft soap 
as the spreader, gave the following results: 

Potassium polysulphide (A) and sodium polysulphide (B) solutions. 


Ref. 

Polysulphide 

sulphur 

Effect on 

no. 

gm. per 100 c.c. 

mildew 

A 21/28 

0099 

Fungicidal 

B 20/28 

0*097 

>» 

A 29/28 

0 052 

Fungicidal 

B 30/28 

0*052 

»» 

A 38/28 

0*05 

Fungicidal 

B 

005 



The ratio of total sulphur to polysulphide sulphur in these two solu¬ 
tions was in 6*24 to 4*11, and in B, 6*53 to 4*16, the two solutions 
therefore being somewhat similar in composition. It is obvious that the 
substitution of sodium hydroxide for potassium hydroxide has had no 
influence upon the fungicidal properties of the polysulphide sulphur in 
the solutions. 

In the same year (1928), methods of analysis of barium polysulphide 
solutions were evolved and it became possible to contrast solutions of 
barium polysulphide with the other polysulphide sprays. A trial, employ¬ 
ing 0*5 per cent, gelatine as the spreader, gave the following result: 


Ref. 

no. 

Polysulphide 

sulphur 

gm. per 100 c.c. 

Effect on mildew 

1^34/28 

1 

0102 

Practically fungicidal; very rarely more or less 
clustered conidiophorcs from the youngest 
patches 

[33/28 

0*104 

Practically fungicidal; very rarelj'^ more or less 
clustered conidiophorcs from the youngt^st 
patches 


Of the above, 33/28 was prepared from the barium polysulphide and it 
is evident that the polysulphide sulphur is as effective as that in the 
solution of sodium polysulphides (34/28). 

6. To confirm the above deductions, a comprehensive comparison of 
various polysulphide sprays was undertaken. The stock materials used 
included two commercial products, one, a lime sulphur, the other. 
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‘^Amberene,” a solution of sodium polysulphides. The remaining six 
samples were prepared in the laboratory; samples 13, 14, 15 and 16 were 
prepared by passing hydrogen sulphide into solutions of the hydroxide 
of the metal and boiling the resultant mixture with sulphur. After cool¬ 
ing, the solutions were filtered and stored in air-tight bottles. Two calcium 
polysulphide solutions (samples 17 and 18) were prepared by boiling 
mixtures of hydrated lime, sulphur and water, the cooled solutions being 
filtered before use. Attem})ts to prepare a solution of calcium poly¬ 
sulphides containing higher proportions of monosulphide sulphur failed, 
probably owing to the precipitation of Herscheirs crystals (see(i)). 

Analysis of the various stock solutions gave the figures quoted in 
Ta])le I, with which is included the proportions of other sulphur com¬ 
pounds present, calculated upon the basis of 100 parts of polysulphide 
sulphur: 


Table I. 


Sample no. 

11 


12 


13 


14 


Lime 



Sodium 

Potassium 


sulphur 

Amberene 

polysulphido 

polysulphide 


r-^ 

-- 

( - 

-A-^ 


-^ 

, - 

,/■ n , ^ 


o/ 

, () 


% 


/o 


% 


Polysulphido sulphur 

19-20 

100-0 

11-82 

lOO-O 

5-26 

l(K)-0 

:i-09 

100-0 

Monosulphide sulphur 

5-01 

20-2 

3-74 

31-6 

1*30 

24*7 

0-76 

24-6 

Thiosulphate sulphur 

0-62 

3-2 

5-18 

43-8 

0*32 

6*1 

009 

2*9 

Sulphate sulphur 

(hOO 

o-o 

0-00 

0-0 

0*00 

0*0 

(VOl 

03 

Total sulphur 

— 

129-4 

__ 

175*4 

— 

1308 

— 

127*8 

Sample no. 

15 


16 


17 


18 


Barium 








polysulphide 


Calcium polysulphides 



<)/ 

/o 


o/ 

/O 


/o 


/(> 


Polysulphide sulphur 

3-36 

100-0 

C-53 

100-0 

8-76 

100-0 

5-67 

100-0 

Monosulphide sulphur 

0-74 

22-0 

1-46 

22-4 

2-00 

22-8 

1-45 

25-6 

Thiosulphate sulphur 

0-05 

1-5 

0-15 

2-3 

2-37 

27-0 

1*87 

33-0 

Sulphate sulphur 

— 

— 

0-00 

0*0 

0-00 

0-0 

0-00 

0-0 

Total sulphur 

— 

123-5 

— 

124-7 

— 

149-8 

— 

158-6 


For the pnsparation of the sprays, the stock solutions were diluted to 
the requisite amount and an equal volume of 1 per cent, gelatine added. 
The polysulphide sulphur figure quoted below was determined by the 
analysis of the diluted spray. 

In the first six experiments above (Ref. nos. 7-12/29) the strength of 
solution aimed at was 0-10 gm. polysulphide sulphur per 100 c.c. For 
the last eight experiments the strength of solution was increased to 
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Ref. 

Sample 

Polysulphide 

sulphur 

no. 

no. 

gm. per 100 c.c. 

/ 7/29 

13 

0096 

1 8/29 

11 

0100 

(11/29 

15 

0-106 

(12/29 

16 

0-091 

/ 9/29 

17 

0-102 

(10/29 

14 

0-099 

(17/29 

(18/29 

13 

11 

0-107 

0108 

(24/29 

15 

0-117 

(26/29 

16 

0-109 

(26/29 

14 

0-109 

(27/29 

17 

0-112 

20/29 

12 

0-114 

31/29 

18 

0-109 


Eiffect on mildew 

Non-fungioidal to not quite fungicidal 

if t* it it 

it ft it it 

tt it it ti 

Apparently not quite fungicidal 

it tr >» 

Fungicidal 

tt 

a 

Fungicidal or just*below fungicidal strength 
(like 26/29) 

h\ingicidal or just below fungicidal strength 

»» >♦ tt tt 

Fungicidal (1 leaf with scattered conidio* 
phores) 

Fungicidal or occasionally not quite fungi¬ 
cidal 


0-11 gm. per 100 c.c. Theoretically, only the bracketed trials, carried out 
on opposite leaves at the same node, need yield similar results for s imil ar 
polysulphide sulphur content. The agreement between individual mem¬ 
bers of each group is so consistent, however, that the use in each pair 
of trials of one j)articular solution as a standard was considered unneces- 
sary. It is probable that, in the short period intervening between suc¬ 
cessive sprayings (two days between Exps. 7-12/29; nine days between 
Exps. 17-111 /29), factors such as temperature and age of host plant have 
had little effect upon the response of the fungus. A direct ciomparison of 
the individual members within eath group therefore becomes possible. 

Hence the results confirm the main contention, that the content of 
I)olysulpbidc sulphur supplies an index to fungicidal power. As will be 
seen from the table of analyses, in spite of differences in: 

(1) the total sulplmr content (the ratio varies from 123-5 in the case 
of the barium polysuli)hide solution to 175-4 for Amberene); 

(2) the monosulphide sulphur content (22-0 in sample 15 to 31-6 in 
sample 12); 

(3) the thiosulphate sulphur content (1-5 in sample 15 to 43-8 in 
sample 12); 

(4) the various bases employed; 

the behaviour of the solution as a fungicide towards S. Humuli is in 
accordance with its content of polysulphide sulphur. 
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SUMMAEY. 

The results of a prolonged investigation of the fungicidal properties 
of solutions containing sulphur in polysulphide form upon the hop 
powdery mildew (S. Humuli) have been classified and summarised. 
During the course of this work the fungicidal efiiciency of various lime 
sulphurs, liver of sulphurs, and solutions containing sodium, potassimn, 
ammonium, calcium and barium polysulphides have been compared and 
it has been shown that, in all cases, the effect upon the fungus, when 
growing under similar biological and external conditions and provided 
that the sprays are applied under standardised conditions, is determined 
solely by the content of polysulphide sulphur of the spray fluid. The 
estimation of the amount of polysulphide sulphur present provides, there¬ 
fore, a measure of the efficiency of these materials against S. Humuli. 
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ON THE CAUSES OF SWARMING IN THE HONEY 
BEE {APIS MELLIFERA U): AN EXAMINATION 
OP THE BROOD FOOD THEORY 

By D. M. T. MORLAND, M.A. 

{Rothamsted Experimental Station, Harpenden.) 

(With 3 Text-figures.) 

Introduction. 

Up till comparatively recent times, bees were kept in hives of various 
types in which the combs were fixed, beekeepers had little knowledge of 
what took place in the hive and even less power of control. Loss of 
colonies was consequently frequent. In England the straw skep was the 
hive in common use, and the custom was to suffocate a proportion of the 
stocks of bees in autumn over burning sulphur for the sake of their honey. 
Natural swarms were necessary to replace those stocks destroyed by 
the beekeeper as well as losses occasioned by other causes, since the 
formation of artificial swarms and nucleus colonies are operations which 
Were not general before the introduction of the movable franie hive. 
Beekeepers of the present day prefer to make artificial increase, to suit 
their own requirements. Natural swarming involves loss of time to the 
beekeeper at a busy season of the year, loss of working strength and 
interruption of breeding in the colony, resulting in a reduced crop of 
honey, and possible loss of the swarm. In modern apiaries, therefore, 
every effort is made to control swarming or to prevent it altogether. 

It is not intended in this review to consider the significance of swarm¬ 
ing in the evolution of the social Hymenoptera, nor the possibility of 
producing strains of bees less prone to swarm, by selection and breeding; 
but to examine the brood food theory of Gerstung in the light of modern 
knowledge of the biology of the bee. 

The brood food. 

Honey, a carbohydrate food, is used by the adult bees as the source 
of heat and energy in the work of the hive, particularly in the production 
of heat for the maintenance of temperature in the winter cluster, and for 
the incubation of brood during the early part of the year. 
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The source of nitrogen (protein) in the hive is pollen, the consumption 
of which is typical of the growth phase of colony activity. Pollen is con¬ 
sumed by young worker bees; it is given together with honey to the older 
larvae of the worker and drone castes, and it is used indirectly in the 
preparation of the special brood food which we are now about to discuss. 

In this paper the term “brood food"’ is used in the special sense of the 
elaborated food which is given to the younger larvae of all castes, as 
opposed to the pollen-honey mixture, which worker and drone larvae 
receive from the third (13) or fourth day onwards^ 

The fertilised (female) egg is potentially a queen, and will become one 
if fed throughout its larval existence on the richer food: workers are 
imperfect females produced under a system of nutritional castration by 
being weaned from the prepared food at an early age. The age at which 
the diet is changed was given by von Planta as the fourth day. Nelson 
and Sturtevant(i3) have shown more recently that the change takes place 
on the third day. 

Composition of the brood food. 

The analyses of von Planta(16,17) make it appear that the food of 
young larvae differs in composition from that given to those of drones 
of the same age, and also from the “royal jelly"" received by the queen 
larvae of all ages. Koehler (S) gives figures for fat and sugar, which, differ¬ 
ing from those of v. Planta, appear to indicate that the food of the young 
worker and drone larvae are identical. Aeppler(i) has also made analyses 
of the royal jelly^. 

Elser(30) has also studied this problem, but his results (31) appeared 
too late for inclusion in this paper. 

Table I. 

Composition of brood food. 

(Expressed as percentage of dry weight.) 

Queen (average) Worker (under 4 days) Drone (under 4 days) 

^-^ ^-.A-^ ^-.-^ 

V. Planta Aeppler* v. Planta Koehler v. Planta Koehler 

Protein 45*14 40*36 63*38 — 55-91 _ 

Pat 13*65 2006t 8*38 23*3 11*90 24*23 

Sugar 20*39 18*62 18*09 16*7 9*57 14*9 

♦ See note 2 below. -j* Total ether extract. 

^ The term “chyle food,” which is often used in England, has been carefully avoided 
in this paper, for reasons given later. 

* Aeppler’s figures were given as follows; “Larval food in air dried condition..,. 
Moisture after drying at 100° C. 24*16 per cent.; total protein 30*62 per cent.; total sugars 
14*06 per cent.; total ether extract 16*22 per cent.” The figures given in the table are calcu- 
lated on the dry matter obtained at 100° C. as stated by him. 
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Origin of the brood food. 

Two opposing views have been held as to the origin of the brood 
food. 

(o) The glandular secretion theory. According to Schiemenz(2i) it is a 
secretion of the lateral pharyngeal glands of the head, which are found 
in their greatest development in the social bees, and which are physio¬ 
logically active in those bees that are engaged in nursing the young larvae. 
This view is shared by Cheshire (3) and by most modem writers (8,29). 

(6) The regurgitation theory. This was put forward by Schonfeld (22) 
and has been championed by Cowan (5), Cook (4) and others. This theory 
maintains that the brood food consists of a pre-digested food regurgitated 
from the ventriculus or so-called “ chyle stomach ” of the worker bee. In 
order to bring this about the honey stomach was said to be capable of 
being “short circuited” by pushing the stomach-mouth forward against 
the end of the oesophagus. Schonfeld claimed to have brought this about 
experimentally, but other observers say that such an action is impos¬ 
sible (12,24,28). The supporters of the regurgitation theory base their claim 
on the fact that insoluble matter such as lamp black, supplied experi¬ 
mentally to bees, has been recovered in the food given to the larva, 
whereas no solid matter would pass through the gland (4). However, this 
might easily be brought about through mechanical contamination of the 
mouth parts. The name “chyle food,” current in this country, is based 
on this view^. Arnhart* seems to adopt an intermediate position by 
.stating that brood food is a combination of regurgitated contents of the 
stomach with the glandular secretion which changes its reaction from 
alkaline to acid. The arguments on both sides are summarised by Snodgrass 
in his bulletin on the Anatomy of the Honeybee {2i). In his more recent 
book (25) this is omitted, for he says: “It is now generally conceded that 
the pharyngeal glands are the organs which form the brood food or royal 
jelly.” 

Langer(9) in 1912 proved by biochemical methods that the proteins 
of the brood food are identical with those of the head gland. This is a 
further strong argument in favour of the secretion theory. 

^ The word chyle, used in vertebrate physiology to denote the contents of the lacteal 
vessels, corresponds to the German Futtereaft. The word Futterbrei, used by von Planta, 
should properly be translated chyme, and is more appropriate in connection with the 
reguigitation theory. 

* Quoted by Snodgrass (24). 
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The brood pood theory op swarming. 

About the year 1891 Gerstung, in Germany, propounded his brood 
food theory, which he subsequently elaborated in considerable detail, 
emphasising the view that the bee colony is to be considered as a unit, 
and not as a fortuitous collection of individual bees. He writes of ‘‘Der 
Bien^^T) as an organism of which the constituent bees are members 
(organs) carrying out various functions. On this view the queen is the 
generative organ of the colony, and swarming is an act of reproduction. 

Continuing this analogy the brood food may be compared to an endo¬ 
crine secretion, a surplus of which creates a special condition within the 
hive leading to preparations for swarming. It is considered that when 
nurse bees, having the brood food glands in a state of activity, exist in 
excess of the requirements of the brood in the hive, there is a tendency to 
build queen cells. Crudely stated, it may be said that the surplus is given 
to certain favoured larvae in order to get rid of it. These larvae develop 
into queens, and when the cells are sealed the colony is liable to give off 
a swarm (2). 

Division op labour in the bee colony. 

The work of Bosch (19) on the biology of the bee has a direct bearing 
on the brood food theory. He makes the following statement: “Every 
worker bee is able to undertake all the tasks which present themselves; 
following—with advancing age—a definite sequence which is the same for 
each individual.” According to him the life of a worker bee may be 
divided into three periods, which we may call (1) nursery work, (2) house 
work, and (3) field work. Specialisation such as we find in ants does not 
appear to exist in the honey bee. 

The first duty of a newly hatched bee is to prepare the cells for the 
next batch of eggs and to do her share of keeping up the temperature of 
the nest by “brooding over” the developing larvae. Prom about the 
third to the sixth day she feeds the older larvae with pollen and honey 
taken from the store cells. The food glands are developing during this 
time in consequence of the rich food taken. From the sixth to the tenth 
or fifteenth day, the food glands being fully developed, she attends to 
the feeding of the very young larvae which are receiving the prepared 
brood food. “The end of the brood nursing period is not determined by 
age. When nurses are scarce it can be prolonged, but in normal stocks 
it does not continue beyond the 13-16th day. By this time the gland has 
atrophied again ” (19). 

The second period begins with the first flight from the hive, the so- 
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called orientation flight. During this period the bee receives nectar 
from the foragers, ripens and stores it; presses down pollen loads into the 
cells where they have been deposited, and acts as house cleaner. It is 
bees of this age that secrete wax when there is building to be done(20). 
Towards the close of the second period the bee may become a guard at 
the entrance. 

The bee then becomes a forager (third period) and gathers water, 
pollen, nectar and propolis; she continues at this work until overtaken 
by accident or old age. 

The following table compiled in part from data given by Rosch gives 
the normal succession of duties. 

Table II. 


Life of a worker bee. 


Stage 

Duration (days) 

Age (days) 

Developtnent: 

Egg . 

3 

1-3 

Larva (unsealed) (weaned on 3rd day) . 

5 

4-8 

Sealed brood .. 

12 

0-21 

Adult bee: 

Ist period: Nurse bees 

Incubating brood preparing brood cells . 

Feeding older larvae with honey and pollen 

Feeding young larvae with brow food . 

2-3 

1-3 

3 

3-6 . 

4-9 

6-10 (up to 16) 

2nd period: House bees 

First play flight .' 

Storekeeper (receiving, ripening and storing nectar) 
House cleaner . 

1 

10-20 

Wax secretion. 

Guard (at the hive entrance) . 

3rd period: Field bees 

Forager (water, pollen, nectar, propolis) . 

20-30 

20-40 up to 60 


The brood rearing cycle. 

The seasonal activity of the queen has been studied by Nolan(i4) and 
is somewhat as follows: After the winter rest breeding starts on quite a 
small scale and increases until a maximum is reached early in the season, 
after which it falls off rapidly, though there may be a secondary peak in 
autumn (Fig. 1). 

Relation of the boo laying curve to the onset of swarming. 

Assuming that there are no casualties among eggs or larvae, the curve 
of emerging bees will be parallel with that of oviposition, 21 days later. 
These bees, according to Rosch, will be at the height of their nursing 




Number of eggs or bees 


Mar. April May 


June .July Aug. Sepb. Ocb. 



Time 

Fig. 1. Hypothetical brood curve of a colony of bees (adapted from those of Nolan [14]). 
A. Hgg laying curve of quoon rising to a maximum at B. B. Curve of emergence of 
adult bees; on the assumption that there have been no casualties among the brood. 
C. Shows the number of bees attaining the critical age, at which the brood food glands 
reach their full development. It is evident that the number of nume bees (C) at any 
given period would be from four to nine times that represented on the curve, scjeing 
that the duration of this period is from four to nine days (see Table II). 
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activities— Le. at the critical age—in a further 6 to 10 days, that is to 
say, 26 to 30 days after they were themselves receiving the brood food. 

In the early part of the year, as the number of nurse bees and the 
abundance of brood food in the hive increases, the queen herself receives 
a share of the prepared nitrogenous food and is stimulated to increase 
her output of eggs. Thus egg laying increases at a progressively steeper 
rate until a maximum is reached, which may be determined by the fer¬ 
tility of the queen, by the capacity of the brood chamber of the hive, or 
by some factor which we do not yet understand. 

The egg laying curve then begins to fall off, and, parallel with it and 
four days later, the curve of young larvae which are receiving the brood 
food. The curve of emerging bees, and that of bees attaining the nursing 
ago, continues to rise, resulting in an increasing surplus of brood food 
for which there is no outlet. This leads to the construction of queen cells, 
which will contain larvae capable of absorbing relatively large quantities 
of brood food. 

Variations in cycle op duties. 

Rcisch speaks of the division of labour as being flexible, without a hard 
and fast time schedule. Moreover, it is recognised that autumn-born bees 
are (capable of raising brood and even queens in the following spring. 
When there exists in the hive a need for bees to c*,arry out certain specified 
duties, it would seem that other younger bees are drafted on to the more 
mature tasks. Thus, while there is work to be done which properly belongs 
t/O the second period, nurse bees will continually be promoted to store¬ 
keeper or wax worker, while a need for foragers (third period) will produce 
vacancies in the ranks of the second period bees, which will, in their turn, 
have to be filled. Beekeepers know the kind of hive which is ‘‘too busy 
to swarm,” and they are also only too familiar with the effect of enforced 
idleness, due to bad weather supervening when strong colonies have been 
})uilt up for the harvest. It is commonly stated in books on beekeeping 
that a condition which leads to swarming is “congestion of bees in the 
brood nest.” Now the bees which chiefly frequent the brood nest are 
those whose duties take them there, in other words, the brood nurses. 
This statement is therefore tantamount to saying that swarming is due 
to a superabundance of nurse bees, and therefore of brood food. 

Validity of the brood food theory. 

Even if the regurgitation hypothesis of Schonfeld were eventually 
proved to be correct, as Gerstung himself believed, this would not in¬ 
validate the brood food theory. Rosch and Soudek(26) have both shown 
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that the pharyngeal gland reaches its greatest development at the time 
when bees are engaged in brood feeding. It might be argued that this 
gland is merely concerned with the digestion of protein, at a time when 
bees are consuming large quantities of pollen for the elaboration of brood 
food. 

“CoNTBOL BBBS.** 

The idea has been put forward recently in America (io,ii) that the 
policy of the hive is determined by bees of between 14 and 21 days old. 
Whereas young bees are devoted to nursery duties, and old bees are fully 
occupied with foraging, these bees of middle age can turn to any task. 
These latter are the entrance guards, the scouts and the bees which 
compose the swarm. An abundance of such bees is the factor which 
decides the issue of a swarm. They have been called ‘‘control bees.’’ It 
will be seen that these are the bees of Rosch’s second period. It will also 
be obvious that the surplus of nurse bees of “critical age,” which led to 
the starting of queen cells, by the time the cells are scaled and the colony 
is ready to swarm, will have become a surplus of bees of the second period, 
i.c. “control bees.” The fact that these bees are also of the age to secrete 
wax, and before coming out have gorged themselves with honey, accounts 
for the facility with which comb is built by a swarm. 

Swarm control measures. 

The measures of swarm prevention, which are advocated on the 
recommendation of practical experience (6,18,27), mostly depend for their 
efficacy on manipulations which have the effect of removing some of the 
nurse bees from the brood nest. Conversely those conditions which lead 
to a surplus of these bees in the hive bring on the swarming fever. 

(a) Capacity of the brood nest 

Restriction of the brood area, by causing a sudden drop in the ovi- 
position curve when the limit is reached, aggravates the danger period 
following the peak of egg laying, and leads to swarming (Fig. 2). This may 
be brought about by restricted hive accommodation, through the pre¬ 
sence of unsuitable comb composed of cells unfit to contain brood, or by 
a rim of sealed honey which prevents expansion. 

(b) Building up’^ period. 

“The tendency to swarm is greatest in those localities in which the 
bees increase brood rearing most rapidly in spring.. .during those years 
when the bees build up in the shortest interval in spring.. .in those 
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colonies which teach their peak of brood rearing most rapidly ”(R). It 
will be seen on reference to Fig. 2 that the more rapid the rise just before • 
reaching the peak, the more acute will be the surplus of nurse bees imme¬ 
diately following it. One of the advantages of spring protection (i5) is 




Fig. 2. Efiect of shape of brood curve at its maximum on the tendency to swarm. 
A. A rapid fall from the maximum of egg production, giving rise to a strong tendency 
to swarm as indicated by the surplus of nurses over egg production CD. B. Brood 
curve falling off gradually from maximum, proilucing a loss acute surplus of nurse 
bees and consequently a less marked tendency to swarm, as indicated by the vertical 
distance cd. 



Fig. 3. Effect of check in spring brood roaring (at a), producing a temporary surplus of 
nurse bees at b which stimulates the queen producing a sharper rise in the brood 
curve cd. The falling off of nurse bees 6c, if it coincides with the peak of egg laying d, 
would hasten the decline of the egg curve, and produce a critical condition represented 
by the vertical distance/^. (Black line=brood: dotted line = nurse bees.) 

Ann. Biol, xvn 
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that brood rearing increases at a steady rate without fear of checks due 
to spring frosts. Contrast witl^ this the hurried brood rearing of an 
unpacked hive, starting late and increasing rapidly to a peak. In this 
connection it has been claimed that ohe of the benefits of spring protection 
lies in the absence of checks in the upward trend of the brood curve, 
which are said to be reflected afterwards in a tendency to swarm. A check 
in the upward curve of egg lapng before the maximum has been reached 
will be followed in four or five days’ time by a surplus of brood food, 
owing to the absence of larvae to feed. This surplus being supplied to the 
queen would lead to a spurt in the egg lapng, followed in about 30 days 
by a corresponding excess of nurse bees (see Table II and Fig 3). 

(c) Effect of honey flow. 

The advent of a honey flow, beginning just before colonies have 
reached swarming point (the critical stage) may cause colonies to divert 
their energies to foraging, to the neglect of swarming. This simply means 
that bees are promoted from house bee to forager, and the house bees are 
in their turn recruited from the ranks of the nurse bees, while there is 
work for plenty of house bees to do in the supers, away from the brood 
nest, storing and ripening the honey and providing wax for cells and 
cappings to contain it. On the other hand, a spell of bad weather, con¬ 
fining foragers to the hive, delays promotion and allows nurse bees to 
accumulate. 

(d) Wdx secretion. 

Conditions which impel the bees to build comb provide work belong¬ 
ing to the second period to which nurse bees can be promoted; at the 
same time removing them from the brood nest. The mere provision of 
space or sheets of foundation is not always enough to bring this about. 
Simmins(23) says that bees will not swarm until there is comb reaching 
to the entrance of the hive. He therefore advocates providing for comb 
building below the brood nest as a measure of swarm prevention. 

(e) Effect of age of queen. 

Colonies headed by young queens are apparently less liable to swarm 
than those that have old ones. The influence of the young queen began 
in the previous season, when she continued brood rearing later into the 
autumn so that the stock went into winter quarters with younger bees. 
In the new year the young queen starts earlier and increases the brood 
nest at a steady rate, being less liable to be put off by conditions which 
would cause a check in the oviposition of an older queen. 
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(f) Removing bees and brood. 

It is not an uncommon practice to make nucleus colonies or artificial 
swarms from stocks which might be expected to swarm. By so doing 
sealed brood (which will require no more feeding, but will shortly give 
rise to nurse bees) and bees from the brood nest (nurse bees) are removed 
from the parent colony; the result being the same as the check in the 
emergence of young bees, which results after the departure of a natural 
swarm. Thus the colony is immediately put into the condition of a colony 
that has swarmed: there is no surplus of bees of critical age, and the 
impulse to raise queen cells no longer exists. 

(g) Separation of queen and brood. 

Most systems of swarm prevention are based on the separation of 
queen and brood. To this class belong the Demaree system and its modi¬ 
fications, wherein the queen is placed below a queen excluder and the 
brood above. This has the effect of removing the restriction of space on 
the activities of the queen. Part of the emerging bees is kept above the 
excluder to care for the brood, and there is less congestion of nurse bees 
in the part occupied by the queen. Queen cells are liable to be built 
above the excluder, but the apiarist expects these and takes care to 
destroy them. 

(h) Influence of drones. 

The rearing of excessive numbers of drones has been condemned as an 
expensive luxury, but it might be well to bear the following aspect of 
the matter in mind. The presence of drones in a hive undoubtedly has 
some effect on swarming, probably in ways not directly connected with 
the brood food theory. The production of drone brood and ministering 
to the food requirements of the drones themselves provide an outlet for 
brood food, which does not lead to the production of yet more nurse 
bees (7). 

(i) Influence of temperalure and ventilation. 

Excessive heat and lack of ventilation are conditions leading to 
swarming. It may be that these causes operate directly, or it may be 
that they stimulate physiological activity of the food glands, just as 
warmth is necessary for wax secretion. In many cases they are symptoms 
of the congestion of bees in the hive, which is itself the cause of the desire 
to swarm. 


10--2 
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Summary. 

1. The influence of nitrogenous food in the hive is discussed in its 
bearing on the question of swarming. 

2. Theories of the origin of the brood food are examined. 

3. The division of labour among the bees of various ages is considered 
in its relation to the brood rearing cycle. 

4. A critical surplus of nurse bees is found to be associated with the 
formation of queen cells in preparation for swarming. 

5. Recognised swarm control measures are reviewed in the light of 
the brood food theory. 
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THE BIOLOGY OF THYSANOPTERA, WITH 
REFERENCE TO THE COTTON PLANT 

V. THE RELATION BETWEEN THE DEGREE OP INFESTA¬ 
TION AND THE TYPE OP SOIL 

By ELSIE I. MaoGILL, M.So. 

{University of Manchester.) 

(With 7 Text-figures.) 

The question whether the type of soil in which plants are growing has 
any effect on the infestation of that plant by thrips is not one which has 
received much attention from workers on the Thysanoptera, though there 
are suggestions in a few papers that this question is worth consideration. 
Moulton (4), in his paper on the orange thrips {Ettthrips citri), states: “the 
thrips is not so prevalent on trees planted in sedimentary or loam soils 
as where the soil is of a clayey or adobe texture. This fact may be ex¬ 
plained as follows: this thrips, like most others of its group, presumably 
spends the last of its larval, its pupal, and its early adult life in the soil 
under the trees, and would naturally then be more or less affected by the 
texture of the soil and by cultivation. Orange groves are usually irrigated 
several times during the summer and are cultivated throughout the year. 
Sedimentary soils break to pieces readily when thus moistened and culti¬ 
vated, and thrips in this ground would probably be broken from their 
small cells.. .and many of them would be killed by the cultivator and by 
the grinding together of the soil particles during cultivation. On the other 
hand, in clay lands the particles of soil pack closely together and form 
clods, and during cultivation any number of thrips within these clods 
might be repeatedly turned over and over without injury.” In a later 
paper on the orange thrips (Jones and Horton (2)), however, it is stated 
that attempts to destroy the pupae by cultivation of the ground were 
unsuccessful. 

In his paper on the pea thrips {Kakothrips robustus )—a soil pupating 
species—Williams(9) states that “the pea thrips is most prevalent on light 
soils. In'the majority of the cases reported to me the soil has been light 
or gravelly, and a correspondent at Shoreham, Kent, states that the 
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damage is always worse in the village where the soil is light than at 
Highfield near by where the soil is heavier.’^ 

Cameron and Treheme(i), writing on the pear thrips, state that the 
insects do not penetrate so deeply into clay soil as into other lighter soils, 
but at the same time they say that cultivation of the soil is of doubtful 
value, for not only may it, fail to kill the pupae but it may encourage the 
emergence of the adult insects. 

XJrich(7) finds that the attacks of cacao thrips are worse on clay soils, 
but in this case the thrips (Sdenothrips rubrocinctus) does not leave the 
plant but pupates on the leaf, so the soil conditions would have little 
effect on the insect except in so far as they affected the general health 
of the plant. 

The results of several years’ experiments on Thrips tabaci in reference 
to the cotton plant (3) suggested that the soil texture is of great impor¬ 
tance in the case of this thrips at least, so it was decided to carry out 
experiments to test the effect of different types of soil on T, tahad. 
Experiments on cotton grown in a medium clay loam soil had shown that 
the thrips attack is definitely worse if this soil is tilled and not allowed 
to form surface cakes, so it was assumed from this that plants grown in 
a light soil would be more infested by thrips than similar plants grown 
in a heavy clay soil which easily formed surface crusts; therefore two very 
different types of soil were used, Ay a very light soil with under 15 per 
cent, of clay and B, a heavy clay soil (clay content over 30 per cent.). 
About fifty 23 cm. pots were filled with each type of soil and each block 
was divided into two, so that there were four blocks of plants: A 1 and 
A 2 with light soil and B 1 and B 2 with clay soil. The hygroscopic 
moisture and the loss on ignition (organic content) for the A soil were 
3*62 per cent, and 17*05 per cent, respectively, while for the B type of 
soil they were 2*61 per cent, and 14*68 per cent. 

The blocks of plants were arranged with A 1 and B 2 on one side and 
B 1 and ^4 2 on the other side of the glass-house. The shortest distance 
between any two of the blocks was 120 cm. 

Each pot received 800 c.c. of water per week, and it was found that 
with this amount of water A hardly formed surface cakes, while B formed 
a very hard resistant crust on the surface. Blocks A 2 and B 2 had the 
soil in the pots tilled (i.e. broken up with a fork) after each watering, so 
that the. soil in block B 2 was kept in a loose condition in spite of its 
tendency to cake. 

The mean temperature for the period of the experiments was 19® C. 
(max. 80*9® C., min, 7*2® C,) and the mean humidity for the same period 
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was 73*5 per cent., so that these conditions were very favourable for 
thrips development. 

As in previous years, the plants were almost free from insects other 
than thrips, except at the end of the season when a number of plants, 
noticeably on blocks B 1 and B 2, became infested by an aphid {Macro- 
siphum get) and for about a fortnight in the middle of August when the 
glass-house was invaded by large numbers of a noctuid caterpillar {Plusia 
gamma). 

Infestation counts of thrips were made at intervals of a few days— 
on the average every four days. 

At the end of the period of the experiments, the mean larval infesta¬ 
tion factors for the four blocks were: 


Untilled: A 1, 24*2 larval thrips per 100 sq. cm. of leaf surface 
B 1, 21*5 „ ,, ,, ,, ,, 

Tilled: A 2, 31 „ „ „ 

B 2, 28’8 „ „ „ „ 




That is, the least infested block for the whole season was B 1 with 
21*5 larval thrips per 100 sq. cm, of leaf surface; this was the block of 
plants grown in untilled clay soil, while A 2, the block with light, tilled 
soil was the most infested of the four blocks. The difference between the 
infestation of A 1 and A 2 was almost the same as the difference between 
B 1 and B 2, but the average infestation of the two blocks in light soil 
was slightly higher than the average of the two clay soil blocks, though 
B 2 (tilled clay soil) had a higher infestation factor than A 1 (untilled 
light soil). 

These results suggest that the looser soil is more favourable to thrips 
development than heavy soil which easily forms surface crusts, but if the 
graphs of the infestation counts are compared the difference between the 
two types of soil becomes much more striking. Fig. 1 is a graph giving 
the average larval infestation factor at each count for A 1 and A 2 com¬ 
pared with the average infestation factors for B 1 and B 2. At the begin¬ 
ning of the season the thrips were a little more numerous on the B blocks 
than on the A blocks, but about the middle of the counts the numbers 
of thrips on the A blocks began to increase rapidly, and in the latter part 
of the experiments the infestation factors for the blocks of plants in light 
soil far exceeded the factors for B 1 and B 2. It is probable that the 
counts at the beginning of the season are not really representative, as at 
the beginning of the experiments the thrips are more or less evenly dis¬ 
tributed about the glass-house and, for at least the first generation, have 




INFESTATION COUNTS 

Fig. 1. The average larval infeatation of the two A (light soil) blocks of plants compared 
with the average larval infestation of the two B (clay soil) blocks of plants. 
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no cotielation with the soil in the pots. The plants in the A blocks also, 
although they were better grown and appeared healthier than the other 
blocks, were not so resistant to sudden changes in temperature as the 
plants in clay soil which had fewer and smaller leaves of a more xero- 
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Fig, 2. Tiie larval infestation of block A 1 (ontilled, light soil) compared with the 
larval infestation of block £ 1 (ontilled, clay soil). 


phytic type, and twice during the early part of the experiments there 
were sudden great rises in temperature and many of the leaves on the 
A plants were partially withered or scorched and numbers of thrips on 
those plants were killed, apparently by the heat, so that in this way the 
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infestation of the two blocks of plants in light soil received checks by 
conditions which did not seem to affect the insects on the plants in clay 
soil. 



infestation counts 


Fig. 4. The average larval infestation of blocks A 1 and B 1 (untilled soil) compared 
with the average larval infestation of block .4 2 and B 2 (tilled soil). 

The numbers of thrips on the plants gradually increased until a 
maximum was reached at the end of August. That is to say, on three of 
the blocks the numbers continued to increase until the end of August, 
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Fig. 5, The larval infestation of block A 1 (untilled, light soil) compared with the 
larval infestation of block A 2 (tilled, light soil). 
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but on block B 1 the maximum number of larval thrips occurred nearly 
a month earlier than on any of the other three blocks. The highest average 
larval infestation factor obtained for the plants in clay soil was 82'6 per 
100 sq. cm. of leaf, while for the plants in light soil 227 larval thrips per 
100 sq. cm. of leaf surface were counted. 

The second figure gives a comparison of the counts for the two blocks 
with untilled soil, A 1 and B 1; tlfis graph corresponds closely with Fig. 1 
except that the maximum number of larval thrii® for B 1 occurs eariier 

jjlUblt JULY august sept 

B 

B, 

a 
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fig. 6. The larval infestation of block B I (untilled» clay soil) compared with the 
larval infestation of block B 2 (tilled, clay soil). 

in the season than the maximum number on A 1. The maxima for these 
two blocks were: 


A 1, 180 larval thrips per 100 sq. cm. of leaf surface 
B 1, 77 ,, ,, ,, ,, ), 

The infestation of the two blocks with tilled soil is compared in Fig. 3. 
The ma-giTnum numbers of larvae occurred in both cases at the end of 
August. The numbers were: 

A 2, 274 larvae per 100 sq. cm. of leaf surface 
B 2, 130 
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BO that in both tilled and imtilled soil the thiips reach a much higher 
maximum on plants grown in light soil. 

Fig. 4 gives a comparison of the average infestation of ^ 1 and B 1 
with the average infestation ot A 2 and B 2; this again shows clearly the 
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Fig. 7. The larval infestation of block A 1 (untilled, light soil) compared with the 
larval infestation of block B 2 (tilled, clay soil). 


greater percentage of thrips on plants grown in tilled soil compared with 
plants in untilled soil; while Fig. 5 1 compared with A 2) and Fig. 6 

(B 1 compared with B 2) emph^ize this point, as even in the light soil 
which only formed very sUght surface crusts, tilling tends to increase the 
amount of infestation. 
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In the last graph (Fig. 7) the infestation of block B 2 (tilled clay soil) 
is compared with the infestation of block A 1 (untilled light soil); this 
shows that while the average infestation factor for the whole season is a 
little higher for B 2, the infestation never reached quite such a high level 
on this block as on ^ 1; this may be explained by the fact that, particu¬ 
larly during the hottest part of the season, the clay soil after being tilled 
had a tendency to dry into lumps, each of which may have imprisoned 
numbers of thrips, whereas the light soil with the higher temperature 
crumbled more and more readily and so approached more nearly the 
tilled condition. 

Conclusion. 

It seems clear from these experiments that light, non-caking soil is 
more favourable for the infestation of plants by Thrips tabad than heavy 
clay soil, and these results are in agreement with the opinions expressed 
by the majority of authors. Moulton’s paper on the orange thrips is the 
only one dealing with a soil pupating species in which it is suggested that 
clay soil is a factor in favour of thrips multiplication, and his results are 
not confirmed by later workers on the same insect. 

Cameron and Treherne, writing on the pear thrips, a si)ecies which 
has only one generation per year, think that the breaking up of the soil 
by tilling may cause it to warm up more readily and therefore encourage 
the emergence of the adult thrips; but apart from this suggestion there 
has been little attempt to explain why a light or well tilled soil is more 
suitable for thrips than clay soil. It seems probable that in soils which 
form hard surface crusts the newly emerged adult thrips find it difficult 
or impossible to force their way through the tightly packed soil particles 
so that large numbers of them perish in the soil, whereas in loose soil or 
even in clay soil which has become dry enough for cracks and fissures to 
appear in the surface crust, the thrips have less difficulty in finding their 
way out of the soil and on to the plant. It might be thought that the 
effect of soil conditions on the plant would bo the important factor, but 
in an experiment given in an earlier paper (S), more than three times as 
many adult thrips emerged from pots in which the soil was kept loose 
and dry as fiom pots from the same blocks of plants in which the soil 
was kept damp and caked on the surface. It is also possible that a certain 
number of pupae may be killed by the cohesion together of the soil 
particles during the formation of the surface crusts. 

T should like to express my gratitude to Prof. Dunkerly for his helpful 
criticism, and to Miss R. M. Smith for her assistance in making the 
infestation counts, and to Dr A. Smith for his analysis of the soils used. 
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Summary. 

1. In several previous papers on Thysanoptera it has been shown that 
the condition or type of soil may have some influence on the infestation 
of a plant by thrips. 

2. Experiments were carried out to determine the effect of different 
types of soil on the infestation of the cotton plant by Thrips tahacL 

3. The types of soil used in the experiments were a heavy clay soil 
and a light soil with less than 15 per cent, of clay, about fifty pots being 
filled with each type. 

4. Each block of fifty plants was divided into two and the soil in one 
half was tilled while in the other it was left undisturbed. 

5. It was found that the plants in the block with untilled clay soil 
were least infested by T. tabaci, while the plants in the block with light, 
tilled soil were the most highly infested. 

6. The average infestation of the two blocks with light soil was 
slightly higher than the average infestation of the clay soil blocks, in 
spite of the fact that at the beginning of the season the former blocks of 
plants and the thrips on them suffered severely from a sudden great rise 
in temperature. 

7. In both types of soil the block with tilled soil was more highly 
infested than the other block, 

8. It appears from these experiments that light soil is more favourable 
to the multiplication of soil pupating species of thrips than an easily 
caking, clay soil and that tilling the soil increases the infestation by these 
insects. 
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THIONIN AND ORANGE G FOR THE DIFFERENTIAL 
STAINING OF BACTERIA AND FUNGI IN PLANT 

TISSUES 


By R. H. STOUGHTON, B.Sc., A.R.C.S. 

{Departmcfhl of Mycology^ Rothanisted Experimental Station, 
Harpenden, Herts.) 

(With Plate VII.) 

In the course of studies on the disease of cotton caused by the organism 
Bacterium malvacearum- the need arose for a method of tracing the pro¬ 
gress of the organisms through the tissues of the host. Sections were 
stained by many different methods, most of the well-known combinations, 
such as the Pianeze stain as used by Vaughan (i), the Giemsa stain as 
modified by Wright and Skoric(2), Ziehl’s carbol-fuchsin and light green, 
iron alum haematoxylin and so on, being tried, as well as a number of 
other combinations. None, however, gave a really satisfactory result. 

The organism produces a considerable amount of slime, and this stains 
very readily, with the result that the bacteria are obscured by the diffuse 
stain. Further, none of the combinations referred to differentiated between 
the slime and the host tissues. 

Thionin is well known as a stain for differentiating mucin in animal 
tissues owing to its high metachromasy, mucin being stained pink and 
other tissues shades of bluc'and purple. Used in aqueous or phenol solu¬ 
tion on diseased plant tissue it gave very promising results, but the 
required degree of differentiation of host and parasite was not obtained 
owing to the intense staining of the host tissue. Orange G in alcoholic 
solution was, however, found to be a good differentiating agent and at 
the same time acted as an excellent counter-stain for the cellulose walls. 
The technique adopted was as follows: 

Paraffin sections* 

(1) Xylol to remove wax. 

(2) Grade through alcohols to water. 

(3) Stain in the following solution 1 hour: thionin, 0-1 gm.; 6 per cent, 
solution of phenol in distilled water 100 c.c. 

(4) Grade through alcohols to absolute alcohol. 
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(6) Differentiate in a saturated solution of orange G in absolute 
alcohol. 

(6) Wash thoroughly in absolute alcohol. 

(7) Xylohaloohol. 

(8) Xylol. 

(9) Mount in balsam. 

The differentiation is accomplished fairly quickly, usually in about 
J to 1 minute. The progress may be controlled under the microscope, but 
with a little practice satisfactory differentiation can be carried out by eye 
observation only. The treatment with orange 6 is continued until the 
sections lose their bluish-purple colour and become uniformly yellowish 
green. 

In plant tissues the parasite is stained violet-puq)le, cellulose walls 
yellow or green, lignilied tissue blue, nuclei pale blue with purple nucleoli 
and chromosomes in dividing nuclei deep blue on a purj)le spindle. Nuclei 
in fungal hyphae are clearly picked out in deep purple. For hand sections 
the procedure may be shorter. 

(1) Sections in water. 

(2) Stain in carbol-thionin 5 minutes. 

(3) Wash in water. 

(4) 95 per cent, alcohol. 

(5) Differentiate in the solution of orange G (several minutes). 

(6) Wash well in absolute alcohol. 

(7) Clear in xylol. 

(8) Mount in balsam. 

The stain has been found to give good results with such different 
materials as Bdcterium malvacearum on Gossypium, B, radicicola in root 
nodules of legumes, Plmmodiophora on Brassica, Synchytrium endobioti- 
cum on Solatium, Peronospora on CapseUa, Phytophthora and Sclerotinia 
on seedlings, Botryiis on Allium, and Pucdnia on Anemone, The pro¬ 
cedure is so rapid and so easily carried out that the stain combination 
should prove of value for class purposes. 

Apparently any reliable brand of thionin is satisfactory ; good results 
have been obtained with a sample from British Dnzg Houses and also 
with the “Soloid’* brand tabloids of Messrs Burroughs, Wellcome and Co. 

A modification which may prove of value in particular cases is to 
remove the orange stain by regrading the sections to water after differen¬ 
tiation, and then running up again to xylol. By this means all the orange 
is removed, leaving the parasite very conspicuous against unstained walls. 
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EXPLANATION OF PLATE VII. 

Fig. 1. Bacterium malvacearum in stem of cotton plant. Microtome section of material 
fixed in Zenker's fluid. Stained thionin and orange G. Photographed with achro¬ 
matic obj. X10 Periplanatic ocular. Panchromatic plate. Wratten filter (green) 
x530. 

Fig. 2. Peronospora parasitica in stem of Capsdla. Hand section of old material in spirit. 
Stained thionin and orange G. Photographed with achromatic obj. x 10 Peri¬ 
planatic ocular. Panchromatic plate. Wratten “M” filter (green) x 100. Note the 
differentiation of nuclei in the fungal hyphae. 
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PROCEEDINGS OF THE ASSOCIATION OF 
ECONOMIC BIOLOGISTS 

Ordinary Meetinq held at 2.30 p.m. on Friday, October 25th, 1929, in 
the Botanical Lecture Theatre of the Imperial College of Science and 
Technology, London. The Chair was taken by the President, Dr E. J. 
Butler, C.I.E., F.B.S. 

THE SCOPE OP THE WORK OP A RESEARCH INSTITUTE 

IN DAIRYING. 

By Prof. R. Stenhouse Williams, M.B., D.Sc., D.P.H., 
and Members of the Staff of the National Institute for Research 
in Dairying, Shinfield, Reading. 

I. INTRODUCTION. 

By Prof. R. Rtrnhoitse Williams, M.B., D.Sc., D.P.H. 

Da Stenhouse Williams gave a short account of the work of the National Institute 
for Research in Dairying, pointing out that the Institute hjvd grown from very small 
beginnings and that Jis time had gone on it had become mori‘ and more possible for 
the members of the staff to visualise the field of their work which he outlined as follows. 

If a Research Institute in Dairying is to fulfil its functions it must be prepared to 
demonstrate the exact influences of many factors upon the constitution of milk, and 
its resulting suitability for the preparation of a great variety of dairy products. The 
staff of the Institute are, therefore, of opinion that it is necessary to be in a position 
to study the constituents of the foodstuffs of the cow and their influence ujion the 
milk which is secreted; such work clearly necessitates very detailed investigations of 
the final constitution of the milk and of the physiological processes which have led 
to that constitution. 

When the milk has been obtained it is necessary to consider its value either as 
whole milk, or for the preparation of dairy products. The first of these studies is 
peculiarly vital in a country like England with its great urban population which con¬ 
sumes as milk about 50 per cent, of the total milk supply. Such a situation necessitates 
very carefql studies of the methods of keeping and carriage of milk in the intert^sts of 
the industry and the consumer. The second involves prolonged investigations into the 
best methods of preparation of the different types of dairy products for two reasons; 
(a) A prosperous dairying industry in England can only be ensured by mamtainmg 
a very high standard of quality. In the lower grades we cannot compete with cheaper 
sources of supply. (6) The maintenance of a high quality of goods automatically 
eliminates many of the faults which at present exist and the need for direct monetary 
loss and to diminished sales. 
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It is clear that studies of the preparation of daily jiroducts must include investi- 
gatioxis concerning the uses which can be made of the by-products, particularly whey 
and separated milk. There is good reason to believe that these can be employed much 
more usefully than is sometimes the case at present. 

In relation to the above problems many other types of investigation are required; 
as, for example, the study of the efficiency of dairy appliances for the work for which 
they are designed. A considerable amount of work of this character has been carried 
out at the Institute and has led to material improvements being made in some typeR 
of dairy appliances. 

Anyone who gives thought to the field of work which has been outlined, and con¬ 
siders what is involved in the efficient study of any one of these problems, must realise 
the magnitude of the task upon which we are engaged. We ourselves realise it, but 
are glad that time and work have enabled us, as we think, to obtain a clear conception 
of our duties. This fact is of great value to us in our efforts to develop the work of the 
Institute and make it worthy of the industry which its servos. 


IT. A NOTE ON THE ECONOMIC ASPECTS OF THE PASTEURISATION 
OF MILK FOR CHEESE MAKING. 

By G. M. Mom, M.Sc. 

The pasteurisation of cream to be used for the manufacture of butter has long been 
a feature of dairy factory practice. The success of this procedure naturally led to 
attempts to do the same thing with milk for cheese making when difficulties wore 
encountered with its hygienic quality. In spite of the fact that the heating of the milk 
produces in it certain slight but definite chemical changes, notably a decreased 
coagulability with rennin, good Cheddar cheese can be made from pasteurised milk, 
provided that it is not overheated. This has been repeatedly demonstrated in carefully 
controlled experiments conducted by workers in different countries, and subsequently 
confirmed by extensive use in manj^ cheese factories. 

The economic advantages of the procedure arc: 

(1) Slightly larger yield of cheese, which is chiefly due to the incorporation of more 
moisture. 

(2) Loss of less fat in the whey, thereby reducing the factory’s output of whey 
butter which is usually an inferior product. 

(3) But chiefly the ability of the cheese maker to produce regularly every day 
cheese of a uniform quality unspoiled by bad flavours originating from excessive 
bacterial content of the milk supply. 

These advantages are slightly offset by the cost of the energy required to heat and 
cool the milk and also by the longer time of ripening required by cheese from 
pasteurised milk. Nevertheless, pasteurisation has been found a great help in Cheddar 
cheese making, for by eliminating the few bad cheeses and generally raising the level 
of the product it has created confidence among the buyers and distributors, which has 
been reflected in steadier prices for the primary producers. 

For the factoiy manager the process of cheese making has been simplified and 
brought more under control so that the curd in its various stages does not require the 
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careful watching and manipulation that is necessary when no steps have been taken 
to reduce the large and varied bacterial flora possessed by the original milk. On the 
other hand, the factory manager with pasteurisation at his disposal tended to pay less 
attention to the bacteriological quality of his milk supply. When in hot weather this 
gave trouble he would probably attempt to remedy it by pasteurising at a slightly 
higher temperature. Now there is ample evidence available that if the milk is over¬ 
heated the resulting cheese suffers considerably in texture, for the curd will not mat 
together properly. In addition the development of the mature tasty flavour expected 
of a Cheddar cheese is much inhibited. Both those factors depreciate the market value 
of the cheese, and both are to a large extent due to chemical changes about which 
little is known. 

Thus although pasteurisation of milk for cheese making may be of great benefit 
to the industry yet in the end it may in^nsify defects. This is because it is a method 
of attacking a problem halfway along the line instead of starting at the beginning. 
Pasteurisation may prove a very good stopgap, but when the fundamental problem 
—the improvement of the bacteriological content of the milk supply—^has received 
due attention it is quite? likely that it will be possible to make the best cheese from 
raw milk that has been obttiined under satisfactory hygienic conditions. 


III. FISfflNESS IN DAIRY PRODUCTS. 

By W. L. Davies, Ph.D., F.LC. 

Owing to its physical pro|)ertie8, the fatty material of dairy products is much more 
resistant to breakdown than the protein and carbohydrate constituents, but, under 
certfiin conditions, even the fatty material can undergo deterioration yielding various 
taints and flavours in the product. It is proposed here' to outline the nature of these 
degradations and the conditions causing them. 

Auto-oxidation of fat. 

The ethylenic linkage {—C — C—) of oleic acid and the multiplicated linkages of 
the more unsaturated fatty acids of fats can take up oxygen to form peroxides and 
these compounds either split at the original double bonds to form various aldehydes 
or liberate, by interaction with water, active oxygen (as hydrogen peroxide). More 
oxygen is taken in and the process continues imtil the aldehyde concentration is 
Buflicient to confer a tallowy taste and odour to the fat. This, in principle, is the 
mechanism of the breakdown of fat by auto-oxidation. 

Pure fats, nevertheless, will not show any appreciable oxygen uptake for a con¬ 
siderable length of time, after which, once the absorption commences, the uptoke 
increases in speed at an increasing rate, showing the oxygen absorption to be auto- 
catal37tic. The period of time necessary before the appreciable oxygen uptake com¬ 
mences is termed the “induction period” and is that length of time during which fat, 
in contact with air, remains in a wholesome condition. The length of this period of 
induction, therefore, represents comparatively the keeping quality of the fat. Again, 
conditions tending to shorten this period will tend to lower the keeping quality of the 
fat. The period of induction is appreciably shortened by the following factors: (a) ex¬ 
posure to heat and light, both of these factors adding energy to the system; (h) acidity, 
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in that free acidity is usually represented by free unsaturated acid which is more 
reactive in the free than in the combined state; (c) activators of molecular oxygen, 
such as traces of heavy metals, o.g. copper, iron, nickel or manganese, or ultra¬ 
violet light. In brief, the period of induction is shortened by all conditions favouring 
a high oxygen potential of the system, and by “oxygen potentiar’ is meant the 
concentration of activated oxygen, on which the rate of oxidation depends. Of the 
above factors, traces of the heavy metals mentioned are by far the most potent in 
bringing about the oxidation, copper being the most virulent. The above factors also 
catalyse the actual oxidation, when the period of induction is over. 

The fat in milk products. 

The fat of dairy products is more reactive to the above actions owing to (a) the 
very fine state of division of the fat which entails the exposure of a very large area 
per unit weight of fat, {h) the presence of a hydrophilic colloid, such as lecithin, which 
acts as a sympathetic agent between the aqueous and fat phases. In this connection 
lactic acid and free fatty acids are of significance, as well as the inorganic salt content 
of the product in which lecithin is slightly soluble. In butter, where the emulsion has 
been converted from the oil-in*water to the wato-in-oil type, the condition of high 
area exposure is still maintained, l^ecithin also is a special sort of fat-like substance 
which is more reactive than fat proper and, therefore, where conditions are such that 
fat will tend to deteriorate, it is the lecithin which will first break down. In lecithin, 
one of the groups attached to the glyceryl radical is a pliosphoric acid choline <jomplox 
and, under conditions of oxidation this complex is attacked and the choline is oxidised 
to give trimethylamine: 

---€H2.0.P0(0H)2.--C2H4.N(CH3)30H-->---CH2.0.r0(0H)3 -i- N(CH3)3 

+ 2CO2 + 2H2O. 

The breakdown of choline is similar to the breakdown of amino acids to yield free 
ammonia by Fenton’s reagent (hydrogen peroxide in the presence of ferrous salts). 
The presence of free trimethylamine formed in this manner conft^rs on the product a 
pronounced fishy taste and smell, and the above mechanism of the reaction explains 
the source of the causative ingredient. 

The breakdown of the lecithin thus occurs first but is followed immediately by tlu' 
oxidation of the proper fat which gives rise to the form of rancidity known os “tallowi- 
ness.” Under very strong catalytic action to oxidation the “fishy” taint is hardly 
observable, being submerged by the quick development of the tallowy taint, but with 
slowly catalysed oxidation the fishy period is longer and better detected. 

The occurrence of “fishiness” in stored butters is thus partly inscribed to the 
presence of metallic contamination of the butter by small traces of metals dissolved 
off the factory equipment during the collecting and processing of the cream and its 
churning into butter. The use of properly tinned or otherwise non-corrosive equipment 
would minimise the appearance of this fault in stored butters. 

Other factors governing fat deterioration. 

As mentioned above, the principle underl 3 dng fat oxidation is the maintenance in 
the system under consideration of a high level of oxygen potential which is maintained 
in the prominent oases by the activating properties of the catalysts. The growth of 
micro-organisms in the above systems, on the other hand, endeavours to maintain the 
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system at a constant but much lower oxygen potential, and if conditions are such that 
micro-organisms can thrive, no fat oxidation can occur. With butter, storage at low 
temperatures minimises micro-organic activity and although the rate of chemical 
oxidation is suppressed by low temperature, the sum total of the effect is to favour 
slightly chemical oxidation. The potency of the catalyst is also of significance in that 
it determines in which direction the balance of the oxygen/equirement for chemical 
oxidation as against the reipiirement of the actively growing organism for oxygen will 
turn. The catalyst maintains a certain concentration of activated oxygen. If the 
concentration of catalase of the growing organism in the system is high enough to 
deactivate this toxic constituent, the balance turns in favour of the organism, whereas 
if the catahise concentration is low, the organism succumbs to the toxic effects of (to 
that organism) an abnormally high activated oxygen content. (It thus appears that 
where small traces of copper salts are used to cope with the ravages of an organism, 
the toxic factor is the maintenance of a higher concentration of active oxygen, such 
as hydrogen peroxide, than the organisms can cope with.) 

Finally, moisture conditions are of importance especially where dried-milk pro¬ 
ducts art' concerned. The more processing which a milk product has undergone the 
more is the amount of metallic contamination. The rendering of a medium more 
unfavourable to micro-organic growth by drying to a fine powder enhances the possi¬ 
bilities of chemical fat deterioration through the agencies of a possible increasing 
amount of copper and iron dissolved from the drying plant. The main step to take 
in order to avoid fat rloterioration is to minimise contamination with ilu' most potent 
catalysts to oxidation—the products of metallic corrosion. 


IV. THE CULTURAL CHARACTERISTICS ANT) METABOLTvSM OF THE 
ORGANISM CAUSING “RED SPOT” IN ENGLISH HARD CHEESE. 

Bv J. G. Davis, M.Sc., and A. T. R. Mattick, B.Sc. 

“ Red spot” or “rusty spot” occurs at irregular intervals in most English hard cheese 
miide from April to Septcinbor. The spots are small and discrete and seldom exceed 
a milliinetrcj in diameUT, the colour varying from a pale orange to a bright carmine 
red. The fault occurs tlxroughout the cheese mass and especially in moist pockets at 
those fractures corresponding to the original pieces of curd. The spots appear within 
a few (3-fi) weeks of manufacture. If a freshly cut surface' of faulty cheese be exposed 
to the air the colour of the spots fades considerably in 24 hours. 

“Red spots” are practically pure cultures of a small bacterium. Young cultures 
arc Gram-positive, old cultures show Gram-negative and diphtheroid forms. The 
organism is non-motile, non-cupsulated and uon-sporing. It is not acid-fast. Growth 
is very slight except under anaerobic or micro-aerophilic conditions. The optimum 
temperature for growth is about 30'’ C. and for pigmentation about 20'" C. 

The optimum pH is from 6 to ?• Acid, but not gas, is formed in fructose, dextrose, 
galactose, and maltose peptone water. Lactose and dextrin are sometimes fermented. 
Proteins are not hydrolysed. Sugars are fermented to lactic and (from 12 to 50 per 
cent.) acetic acids. 

A definite sharp acid aroma is characteristic of old cultures. 
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Apart from its pigment this organism would be classified as a lactic acid organism. 
The ability to produce pigment anaerobically sharply distinguishes it from the usual 
chromogenic bacteria which require oxygen for pigment production and reduce their 
pigment to a leucobase if air is withdrawn. 

Nothing is known of the nature or function of anaerobic pigments. 

The pigment of this organism is only produced in stab cultures or rarely and with 
difficulty by surface cultures under anaerobic conditions. Its production is stimulated 
by (1) moisture, (2) reduced Oj tension, (3) an interface. 

A fermentable carbohydrate and some ‘'factor,** present in yeast and some pep¬ 
tones, but not in meat extract and other peptones, are essential for pigmentation. 
Pigment production is stimulated by high soluble-N conc'entrations, but the pigment 
factor is not any known amino acid or a cleavage product of pure casein. It is present 
in milk curd however, and in most plant and animal tissues. 


Boor wort 
Milk (slow) 

Fruit juices 
Heart infusion 
Animal tissue extracts 
Oat and wheat extract 


Growth 
+ + •+• 

+ + 

+ -f to + -f 4 
■f + 

+ + 

•f + 


Pigment 
4- + 4' 

4- to I- 4* 4 
4* 4" 4- 

4* 4- to 4- 4" 4" 
4- 4- + 


Pigmentation is apparently not dependent on traces of metals (of. Mg for B, 
prodigioms). 

The distribution and properties of this “factor** have been found to resemble 
closely those of the vitamin B complex. At the time of writing, no substance deficient 
in this complex has been found to contain the pigment factor and all substances 
containing the complex enable the bacterium to produce pigment. 
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B 2 and “bios’* are not identical with the “pigment factor** which is always 
associated with Bi, 

No recognised chemical substance present in milk permitted pigment formation 
when added to a basal medium. 


Chemical nature of pigment, 

A living pigmented culture loses its colour rapidly on exposure to air. If killed by 
drying or by alcohol, the pigment is fixed. 

It is insoluble in water, alcohol, ether, benzene, chloroform, glycerine, dilute acids 
and alkalies. Boiling with concentrated acids destroys the pigment; it is, however, 
stable to boiling alcoholic potash. A deep blue-green colour is obtained with concen- 
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trated H 2 SO 4 . If the pigment is a lipochrome as this colour reaction suggests, its 
general insolubility presents a difficult problem. 

Note, 

Further investigation of this fault will be published in the Journal of Dairy 
Eesearch, 


V, THE NEED FOR FURTHER KNOWLEDGE CONCERNING 
PARASITIC DISEASES OF PIGS. 

By a. H. Blissett, B.S(j., and W. L. Little, F.R.r.V.S. 

The work of the National Institute for Research in Dairying has included a number 
of nutritional problems which have involved the feeding of pigs. A suitable animal 
house has been erected to accommodate this branch of the work and has proved to be 
capable of accommodating about 100 pigs. As the needs of the work increased the 
breeding of stock pigs was transferred to the ftvrm, where accommodation was found 
in woods and outlying buildings comparable with the conditions obtaining in a large 
number of farms. This arrangement appeared to be satisfactory at the start, but since 
1926 we liave experienced obscure ailments, sometimes resulting in death, among our 
pigs. We consulted Prof. Buxton of the Animal Pathology Department at Cambridge 
and after investigation came to the conclusion that the deaths were due to internal 
parasites. 

We thought that our experiences in this matter might be of interest to Economic 
Biologists. 

The results of the investigation of these earlier cases are reported in the Pig 
Breeders^ Annual, 1926. 

The first outbreak was attributed to an infection by HyostrongyIns rubidus, which, 
in conjunction with coccidiosis, was considered the probable cause of the thirteen 
deaths that occurred. At this time the source of infection had not been traced. 

In the month of June this year two more pigs died and again we consulted the 
Animal Pathology Department at Cambridge. This time the pigs were found to be 
strongly infested w ith Oesophogastomum dentatum, which probably caused their deaths. 

In order to endeavour to trace the origin of this trouble we started an examination 
of all the pigs on the farm for the presence or absence of the ova of nematodes. In 
this examination we used the method described by Sheather in the Journal of Com¬ 
parative Pathology and^ TherapeiUics, xxxvi, 1923, p. 71. The technique was as follows: 

The faeces were emulsified with water until their motility approximated to that 
of water. They were then strained through wire gauze which had thirty meshes to the 
linear inch. A liquid portion of the strednings was mixed with an equal volume of 
sugar solution which was made by dissolving 1 lb. of sugar in | pint of water. This 
suspension was centrifuged for 1| minutes at 2600 r.p.m. The eggs came to the surface 
and were fished out on a coverslip which was then examined under the microscope. 

( 1 ) Faeces were collected from all the sows running in the woods, and in every 
case infestation was noted to be very great. Examination of the boar’s faeces showed 
a huge number of worm ova. 

( 2 ) Faeces were collected from all the sows in the farrowing pens in the old out¬ 
lying buildings. Heavy infestation was again noted, as also was the case with the 
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faeces Collected from ten newly weaned pigs running about in the yard attached to 
the old buildings. 

During the same period wc made periodical examinations of the faeces obtained 
from the pigs in the animal house, which is cleaned out daily and the sties are frequently 
limewoshed and disinfected. 

The examinations primarily took place of faeces collected from groups of pigs 
which had been in our animal house for varying periods on three different types of 
experiments. 

{ti) Two pens which had been in the piggeries for ten weeks. No presence of ova 
noted though two examinations were raade. 

(4) Two pens which had been in the piggeries for seven weeks. Ova were found 
to be present in the faeces of one pen only and on a subsequent examination a week 
later no worm ova were discovered. 

(5) Four pens, including those in which the two deaths occurred. These were 
examined shortly after the diagnosis was received from Cambridge and all pens 
showed positive results. 

After this first examination the faeces of the remaining six pigs from the two pens 
in which the l^o dead pigs were formerly situated were examined periodically with 
the following results; From the first examination four of the pigs were notc^i to be 
infested. On subsequent examinations two pigs only were noted with infestation 
which appeared to diminish as time went on. 

(6) With suckling pigs difficulties were experienced in obtaining samples, but in 
the few cases examined ova were not found as a general rule in the faeces of very 
young pigs, but were invariably found when the pigs were nearing weaning stage. 

It would appear from (5) that the longer the pigs are maintained in clean sur¬ 
roundings the more the infestation diminishes. This is also borne out by the examina¬ 
tions (3) and (4) where the pigs htid been in the animal house for a considerable period 
and showed little or no infestation. 

It appears from our experience that pigs can become infected at a very early ago, 
especially when they are kept under dirty conditions. 

It also appears that the conditions under wliich our breeding sows were kept were 
more favourable for parasitic infection than was the case in the animal house. 

Further practical application of the knowledge of the life liistory of these parasites, 
more especially of the time and conditions which favour the change of the ova to the 
embryonic stage, is much needed. 


VI. PROXIMATE CHEMICAL ANALYSES OF PASTURES FROM PLOTS 
MANURED WITB SULPHATE OF AMMONIA. 

By J. Golding, D.S.O., F.I.C., and H. S. Hallett. 

Capt. Golding gave a short account of the chemical work which is being carried out 
in connection with some experiments on manuring of pastures with sulphate of 
ammonia. 

There are four plots on the farm, two of which are controls and two of wliioh have 
been manured with sulphate of ammonia at intervals. The analytical work, whioh 
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commenced in 1926 and is still in progress, involves the chemical examination of 
samples of grass taken from all over the plot at the time at which the cows begin to 
graze each plot in turn. The samples represent as far as possible the grass which the 
cows actually graze. The outstanding feature which has emerged up to the present is 
the high protein content of the dry matter of the grass of the manured plots in the 
early spring and after the summer rains. The differences between the manured and 
unmanured plots are very marked at these periods of the year. Charts were shown 
exhibiting these differences from which the author did not feel that any final con¬ 
clusions could bo drawn as the work is stiU in progress. 


VII. DISCUSSION. 

By Dr Goooey. 

In response to Mr Blissett's request for information on the life history of the nematode 
parasites of the pig and whether the eggs passed in the faeces are capable of infecting 
the host immediatelj^ after being voided, Dr Goodey gave a brief account of the larval 
life histoxy as it occurs in Asmris lumbricoideSy Hyostrongylus ruhi^m^ Oesophago- 
stonium dentatum and Metastrongylus apri. 

He explained that in the (;ase of A scans lund)ricoides, parasitic in the small intes¬ 
tine, the eggs are passed in a segmented condition and under favourable conditions 
of moisture and aeration continue to develop till an embryo is produced within the 
shell membranes. The latter are very resistant to comparatively strong acids, alkalis 
and solutions of salts and for laboratory purposes eggs are conveniently cultured in 
solutions of formalin of 2*5 per cent..strength. The eggs also cling tenaciously to com¬ 
parative!}^ smooth surfaces so that it is a very difficult matter to remove them from 
floors or wails of pigsties. Hot solutions of carbolic acid or other disinfectants of the 
creosote cltiss are capable of destroying eggs in all stages of development. 

When embryonated eggs arc taken in by the host or by laboratory animals, they 
hatch in the small intestine and the liberated embryos, boring through the wall of the 
gut, make their way into the? blood vessels and so getting into the })ortal circulation 
are taken to the liver. From this they reach the heart and thence are pumped to the 
lungs. Here they pass from the fine blood vessels into the alveoli and in so doing set 
up a condition of verminous pneumonia. They escape from the limgs via the bron¬ 
chioles, bronchi and trachea, and are afterwards swallowed on reaching the throat. 
By this means they pass again through the stomach into the small intestine where 
they now grow to maturity. 

Uyostrongyltis ruhidus is a small worm living on the mucosa of the stomach, where 
it sets up gastritis. The eggs of this species pass out in the droppings and on hak^hing 
give rise to small larvae which are not immediately infective but first feed and grow 
and after a time undergo a moult. They then imdergo a further period of feeding and 
growth, after which they shed their cuticle and remain ensheathed within it, thus 
becoming infective larvae. Until this stage of development is attained they are 
incapable of infecting the host. The latter acquires the parasite by eating food acci¬ 
dentally contaminated by such infective larvae. Dr Goodey stated that he had 
worked out the above course of larval development and had published an account of 
it in the Journal of Hdminihology a few years previously. 
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With regard to Oesoph<igost(mum denMum^ parasitic in the caecum and colon, he 
stated that it does not cause nodules in the wall of the intestine but passes its life free 
in the lumen. It is wrong therefore to call it the “nodule” worm of swine. Its life 
history is very similar to that of Hyoatrongylus rubidua. The eggs passed in the faeoes 
hatch and give rise to larvae which require to feed and pass through a first moult 
followed by a further period of growth leading to the production of ensheathed infec¬ 
tive larvae. Such infective larvae on being taken in by pigs in contaminated food 
pass to the caecum and colon and there undergo further stages of development leading 
to the production of adult worms. This course of life history had also been determined 
by Dr Goodey and an account of it published in the Journal of Helminthology in 1924. 

With regard to Metastrongylua apri parasitic in the bronchi and bronchioles, where 
it gives rise to “husk,” Dr Goodey explained that the eggs hatch in the lungs, larvae 
are coughed up and are swallowed. They pass through the gut unchanged and are 
found as free larvae in the droppings. Nothing further is known about their life 
history, for no other stages of growrth are definitely known. It is not known whether 
these larvae are directly infective, but the view was expressed that they are probably 
not and that some course of development, possibly in an intermediate host, is required 
before the reach an infective condition. 
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ADDRESS OF THE RETIRING PRESIDENT OF THE ASSOCIATION OF 
ECONOMIC BIOLOGISTS, DELIVERED ON JANUARY 24th, 1930. 

Regeneration. 

The work of N6mcc(2-i), Vochting(43) and others has shown how com¬ 
pletely the tissues of growing parts of plants, destroyed by traumatic 
action, can be, in numerous cases, regenerated from the most diverse 
sources. Not only can the conventionally distinct derivatives of the 
dermatogen and periblem be reconstituted from those of the plerome, 
and a cortex cell (if it be not too old) directly become epidermal by 
thickening its outer li^all, acquiring a cuticle, and even growing out into 
a root hair, but the entire lost halves of a young tuber, stem, or petiole 
may be regenerated under suitable conditions in form and structure 
scarcely distinguishable from the normal. 

Vochting has also shown that a perforating wound may become 
surrounded, not only by a cork, but by a deeply seated cambium which 
may cut off phloem towards the wound and xylem deeper in, the part 
between the phloem and the cork coming to resemble a cortex. 

That this process may be carried so far as the development of an 
epidermis lining the wound cavity would appear to be established by 
some experiments described by E. F. Smith(41). He inoculated young 
flower heads of sunflower with the crown gall organism, Bacterium 
tumefacienSy by needle stabs, and#thers were similarly treated but with 
a sterile needle. The result to toth cases was the development of long 
cavities in the pith of the rapidly elongating stalk. That shown in 
Plate VIII, fig. 1, was 16 inches below the inoculated apex when cut, 
this distance representing elongation after inoculation. It shows the 
cavity surrounded by a more or less complete vascular ring with xylem 
outside, then a cambium cutting off phloem on the wound side, then 
bundles of fibres of the hard bast type, next a thin-walled parenchyma 
Ann. BioL :pm 12 
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resembling cortex, and finally, lining the cavity, an epidermis sometimes 
smooth, sometimes with hairs like those on the surface of the plant 
(Plate VIII, fig. 2). Quite similar structui‘e8, even to the epidermal 
hairs, were got when the sterile needle was used. Smith makes a sug¬ 
gestion that these structures may possibly result from carrying in, on 
the point of the needle, invaginated fragments of the meristem of the 
torus which become grafted or transplanted, inside out, in the pith and 
subsequently elongate with the growth of the plant. They are, however, 
more easily explained as regeneration phenomena like Vochting’s. Even 
naturally formed hollows in the stem of Brassica oleracea were found by 
Beijerinck{2) to become surrounded by a cambium cutting off phloem 
towards the wound and xylem on the outer side, and Smith (39) arti¬ 
ficially induced a similar condition by injecting monobasic ammonium 
phosphate into the hollow of young internodes of Ricinus. 

Wound repair. 

The commonest form of replacement of lost tissues is by the process 
of callus formation, such as takes place in the healing of wounds under 
moist conditions. 

Callus may be formed from any living cell whatever under appro- 



Text-fig. 1. Tracheid formation in tho callus from a root of Beta. (After Kuster.) 

priate conditions, and the subsequent changes undergone in the callus 
mass are independent of the origin of the tissue. 

The living cells bounding the wound that have not been killed in 
wounding grow out and form a tissue of dividing thin-walled parenchyma. 
In the deeper part of this the first differentiation frequently takes place 
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by the direct transformation of a callus cell, derived from any tissue, 
by reticulate thickening and lignification of its walls into a trachcid-like 
element (Text-fig. 1). This is one of the key processes in morbid anatomy. 
Several of these tracheids often develop close together, so that a little 
island of woody tissue results. Neighbouring groups may unite to form 
irregular tracheidal strands, varying in length and often broken; or an 
isolated group may become surrounded by a meristem developing in 
the cells bounding it on one or all sides, and this forms tracheids and 
wood fibres on its inner side. A procambial strand, forming wood and 
phloem, may appear at a somewhat later stage in the cells bordering 



Text-fij?. 2. Replacement of vascular connection destroyed by wounding in a leaf of 
hnpatient, Tracheids are formed directly from mesophyll cells (/r.f/.) or after division 
of latter (<r.«.). A procambial strand is beginning to form at pr. (From Kiister, after 
Freandlich.) 

the tracheal strands, and may join up with vascular outgrowths from 
the original conducting system of the organ. Text-fig. 2 shows how 
readily resting cells of a tissue can, even without forming callus, restore 
a broken conducting tract by the direct or indirect transformation of 
the ground tissue into tracheids, outside which a new procambial strand 
may form. Sometimes, however, meristems develop in a callus not in 
association with tracheids. 

Similar processes are extremely common in woody galls, the example 
shown in Text-fig. 3 being an island of tracheids in raspberry crown gall 
from a figure by Wulff(47). Phloem is not mentioned by him in these 
islands, but phloem strands are frequently found in the similar galls on 

12—2 
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Rubus occidentalis that I have examined. The vascular system that 
supplies the adventitious cotyledonary leaves that are formed, as 
described by A. W. Hill(ii), when the swollen hypocotyl tuber of 
Cyclamen is decapitated, arises, as was shown by Boodle (4), by division 
of one or more of the normal cortical cells (Text-fig. 3). There may be a 
central mass of xylem surrounded by phloem, or xylem and phloem 
pursue a wavy course, often rather widely separated from one another, 
towards the vascular ring. The elements in all these cases are very short, 
being limited by the diameter of the parenchyma cells from which they 
are formed, and the similarity of both processes is obvious. 

The outer free zone of a callus may become corky by the develop¬ 
ment of a cork cambium, or may be a loosely united mass of cells re- 



Text-fig. 3. On Jeft, tracheid island in raspberry crow^l gall, with indications of nicrisic- 
matic activity in the surrounding gall parenchyma. (After Wulff.) On right, jiortion 
of trace of adventitious leaf of Cyclanum^ cut longitudinally, ph, phl(K*i«. (Afto 
Boodle.) 

sembling what is termed hyperhydric tissue. This arises from a meristem 
which cuts off roundish, loosely attached cells, resembling lenticel tissue, 
outside and thin-walled, callus-like cells inside. Similar tissue may form 
at the free surface without the intervention of a meristem. Very fre¬ 
quently also a large transverse cambium develops below the free surface 
of the callus and cuts off wood on its inner side and, loss often, phloem 
and secondary cortical tissue on its outer side. Occasionally a layer 
resembling an epidermis clothes the surface. This is more frequently 
developed when a petiole or stem is split longitudinally, the callus out¬ 
growth then, in favourable conditions, reconstituting the central cylinder 
by a cambium joining up with that of the uninjured half and forming 
not only phloem but a more or less normal cortex and epidermis outside. 
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The final stage of differentiation in a callus may be the exogenous 
formation of shoots from a mother cell or cell group at the surface of 
the callus or a few layers in from the surface. Even a callus derived from 
pith cells can give rise to these shoots. Their formation seems to be 
stimulated by excessive nutrition, for in imcongenial grafts (such as 
those between different species or genera of Solanaceae(i6)) the upper 
side, which gets an excessive supply of nutriment from the scion, may 
form a callus very rich in shoots. Roots are often formed from callus, 
but, unlike the shoots, come always from the deeper layers. The various 
types of leafy outgrowths found at times on certain galls, such as the 
so-called embryomata of crown gall, are no doubt to be likened to callus 
shoots and need not be taken to imply (as has been suggested) that 
certain specific cells or cell groups preserve throughout their develop¬ 
ment a distinctive embryonic character, capable of regenerating the 
whole shoot system. In tlie processes leading to the formation and 
differentiation of callus, evidence can be found, in support of that given 
by other regenerative processes, that all living cells of the plant body 
have, at least, the potentiality of forming all parts of the plant. One of 
the effects of parasitism is, in some cases, to call out this potentiality, 
though usually in an irregular or unrhythmic fashion. 

In (‘.alius proliferations the newly formed cells retain the power of 
division for, theoretically, indefinite periods, so that cells far removed 
from the wound surface continue to divide and form ever-increasing 
masses of thin-walled parenchyma. A second type of wound healing, 
how(^ver, is (‘.ommon in which the process resembles the normal growth 
in thickness by being the n^sult of the division of cambial cells, the 
products of which, as usual, soon lose the aptitude to divide, becoming 
differentiated. The tissues thus formed are sometimes termed wound 
wood and wound cortex. 

The largest masses of wound wood are formed from the original 
cambium stimulated into activity by injury to the bounding cells from 
parasitic or other causes such as frost. Cankers are due in large part 
to an excessive development of this tissue. In the case shown in 
Plate VIII, fig. 3, a tea canker which will be further considered below, 
the cambium was killed in places and repair by callus from the sides 
has occurred. Elsewhere it has only been stimulated, and wound wood 
has formed in direct continuation of the normal wood. Quite similar 
wound wood may be developed from cambiums formed in any part of 
a callus mass as already described. In this case only xylera may be 
formed, without phloem. Sometimes xylem is cut off on the outer side 
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of the cambium, sometimes on the inner, when the meristem develops, 
as is not unusual, around a tracheid group or a mass of sclerenchyma 
or a localised injury. In the first case there may be a small phloem group 
in the centre of the nodule, in the second either phloem tissue or 
parenchyma develops outside the cambium. Knobby isolated masses of 
wound wood thus formed are found in the secondary cortex of the apple 
and other trees and are well known in association with the phloem 
disease of Hevea rubber termed brown baBt(6). Very frequently the 
wound wood is developed in vortex-like massf-s of fibres and vessels, 
forming knots of very characteristic appearance, probably as a result of 
pressure from unevenly developing meristems or uneven growth at the 
junction of normal and wound wood. Structures of the same kind arc 
also found in wound bast and even, occasionally, in the tracheid groups 
that develop in leaf calluses. They are extremely common in woody 
galls, and beautiful examples can be seen in the woolly aphis gall and 
the olive knot disease. 

Histologically, wound wood differs from normal wood in having less 
regular rows, composed of shorter elements, in the usually greater pro¬ 
portion of wood parenchyma, which may be found in species in which 
the normal wood contains none, in fewer fibres or even their complete 
absence, in thinner vessels, and in larger medullary rays. Its less solid 
construction renders it liable to repeated damage. Thus the new wood 
in frost cankers is readily again injured by frost. 

Wound cork. 

The result of wounding may be the production neither of callus nor 
of wound wood but of wound cork. This is a common result in all organs 
of the plant, especially in relatively dry air. The case shown in Plate VIII, 
figs. 4 and 5, is from preparations by my colleague, Mr Wiltshire, showing 
a relatively early and a later stage of wound inoculations of apple twigs 
with Nectria galUgena. The cork tends to form parallel to the surface of 
the wound and often differs from normal cork in having thinner walls 
and larger cells. Every living tissue from epidermis to cambium or pith 
may join in forming this cork layer, which always tends to unite at its 
margin with the surface covering of the sound part, epidermis or normal 
cork as the case may be. 

In leaves its formation is sometimes accompanied by a certain 
amount of swelling due both to hypertrophy (generally taking the shape 
of an elongation of the cells towards the wound) and to hyperplasy, as 
the result of the formation of walls parallel to the surface of the latter. 
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In citrus scab, microtomed material of which has been kindly lent by 
Dr H. S. Cunningham, Plant Pathologist, Bermuda, the organism (which 
has received several names— Cladosporium citn, Sporotrichum citri, 
Sphaceloma fawcettii^ Sphacelia citri) causes a necrosis of a few of the 
superficial cells of the leaf (Plate VIII, fig. 6) and provokes the active 
division of the spongy parenchyma (ft). The new walls are roughly parallel, 
in the early stages, to the necrosed surface and the process extends to a 
considerable depth, sometimes leading, in attack on the under surface, 
to divisions in the palisade cells on the opposite side. Near the lesion 
the cells elongate more towards the injured part and become more divided 
than those farther away, and in the layer of long cells with several cross 



4. Edge of cavity in leaf of lioUy mined by Phytmnyza aqiuJoUi, showing eloTiga- 
tion of the mesophyll ceils and their division by cross wails to form a phellogen. 
Intercellular spaces abs<*.nt. (After Kerling.) 


walls a cork cambium eventually develops (Plate VIII, fig. 7). This 
extends up to the epidermis all around the lesion and cuts off cork on 
its outer side and a little phelloderm on the side towards the sound 
tissues. All the primary cell walls of the hyperplastic area are thickened 
and intercellular spaces’ are much reduced. 

Similar processes can result from insect injuries. Text-fig. 4 shows 
the margin of a larval passage of Phytomyza aquifolii(i6) in a holly leaf, 
after the first year and after the insect has emerged. The passage has 
become more or less filled with large thin-walled bladder cells, and 
deeper in the mesophyll cells have elongated and formed a number of 
cross walls (up to 12), of which those towards the middle are close 
together and function as a phellogen, the cells on the wound side 
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becoming thin-walled cork, and those towards the healthy tissues phello- 
derm with thick, pitted walls. 

Other types of injury can produce much the same effects. When 
savoy cabbage is exposed to tar vapour the leaves become spotted (16). 
The epidermis over the spots is killed (Text-fig. 5), while the first row 
of palisade cells elongates and may also broaden. The enlarged cells 
divide by three to five walls parallel to the necrotic surface, the outer¬ 
most cells (those next below the epidermis) being very large, thin-walled, 
and suberised. The narrowest cells are about the middle of the original 
palisade cells and form a wavy line under the necrosed area, the cells 
on the outer side of this phellogen-like layer being corky and those on 
the inner side more normal and representing a phelloderm. 

In most of these cases it is noticeable that the cork does not form 
directly under the wound, but is separated from the latter by one or 



Text-fig. 5. Savoy cabbage leaf spotted from the action of tar vapour. Epidermis killed 
and a phellogen forming in the palisade cells, (After Kerling.) 

more layers of large cells, sometimes bladder-like, and with walls and 
intercellular spaces impregnated with a substance resembling lignin but 
possibly a kind of wound gum. It is the cells below this zone that 
elongate and divide transversely, the middle divisions corresponding to 
a phellogen, with corky cells in rows outside and phelloderm rows below. 
There is usually a zone below the phelloderm in which the cells are 
enlarged, but little, if at all, divided. All this part is without inter¬ 
cellular spaces, and there is often no distinction between palisade and 
spongy parenchyma in it. 

The metacutinised layers between the necrosed area and the cork 
correspond to the ‘‘blocking layer'’ of Priestley(SO), and the whole 
process seems to agree closely with his description of the formation of 
wound cork. 

All the living cells of the leaf may take part in these processes, 
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collencliyma and sometimes sclercnchyma cells (when young) apparently 
first losing their thickenings and then enlarging and even dividing. 

When an organism penetrates the whole thickness of the leaf, the 
reaction is naturally restricted to the edges of the spot; the wound cork 
forms from the epidermis of one surface to that of the other, and the 
whole of the contained tissue may be cut off and fall out, producing the 
well-known shot-hole effect. 

The cases cited show that there is nothing specific in the action of 
the stimulus. The reactions are similar to those found in the normal 
processes of the plant, e.g. below lenticels; they are latent in the plant; 
and the stimulus—fungus, insect, or injurious vapour—merely calls them 
into play. Even when the tissues from which it is derived are diverse, 
the tissue of reaction tends to be uniform. In the zone around the spots 
of Clasterosporium carpophilum on cherry leaves, for instance, not only 
is the differentiation between palisade and spongy parenchyma lost as 
a result of cell division, but the epidermal cells divide into cells very 
like the rest. 

Lastly there are cases where no reaction follows the wounding, other 
than the deposit of suberin or lignin or wound gum in the walls of cells 
bounding the wound. There is no outgrowth of callus, no meristem to 
form wound wood or wound cork, and there may be no dividing walls 
formed in any of the cells near the wound. This type of healing is 
common in superficial wounds in roots and submerged aquatic stems, 
and Priestley (29) has correlated it with the presence of a well-developed 
endodermis, so that there is a barrier to the passage from the vessels 
of the solutes that are necessary for meristem formation. 

All sorts of intermediate conditions between these various reactions 
to wounding or necrosis may be found. Wound cork may form in part 
of a cut potato tuber and callus in another part. In one and the same 
cherry leaf spot caused by Clasterosporium carpophilum a good wound 
cork may be found in one place, while in another only the enlarged 
callus-like cells, becoming metacutinised, are formed. When an epidermis 
in some leaves is destroyed locally it may be replaced by a new epidermis 
with hairs and stomata derived from the mesophyll, or a kind of false 
epidermis merely with a cuticle but without hairs or stomata may form. 
This also occurs quite normally in citrus leaves, in which during develop¬ 
ment the upper epidermis often splits and is replaced from the mesophyll. 
There may be a very few cell divisions before cuticularisation. Here, as 
in many other cases, there is no sharp distinction between the re¬ 
generative and the callus processes of healing. 
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In general, every deep, closed wound or patch of necrosed tissue, 
even in secondary or so-called resting tissues, may become surrounded 
by a meristem, which may be directly formed from pre-existing cells, 
as in cork-cambium formation round the cavity, or may be preceded by 
cell proliferation to form a callus. 

Anatomical changes caused by factors other than wounding. 

All these processes of regeneration and repair result from wounding 
or injury. There is another gi’eat category of modifications in cell or 
tissue growth and differentiation arising from inner processes in which 
no gross injury is involved. 

It is well known, for instance, that the mere placing of an actively 
growing shoot of many plants in unusually moist air causes the develop- 



Text-iig, C. Hypertrophy and hyj)erplasy of coUenchyma of Clcrodewlron after 
vaseUniug. (From Kiister after ScliiUing.) 

ment of cellular outgrowths, intumescences, lenticular protrusions, and 
the like. These outgrowths arc usually composed of rows of radially 
elongated, thin-walled parenchyma. In green stems and leaves the cells 
concerned are chiefly those of the epidermis, primary cortex, and meso- 
phyll. These outgrowths can be produced even more readily if transpira¬ 
tion is checked by coating the parts with vaseline or paraffin. Text-fig. fl 
shows how coUenchyma (in the cortex of a Clerodendron twig) elongates 
and forms a thin-walled tissue after vaselining. 

Not only humidity, but nutrition, light, and many other factors can 
cause deep-seated tissue changes. For such changes the terminology 
used by KiisterfiS) is convenient. When the result is under-development 
it is termed hypoplasy; when there is, on the contrary, a swelling, this 
may be due to a simple hypertrophy of the cells, that is to say, an increase 
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in size without division, or to a hyperplasy, which implies an actual 
increase in number of the cells. Sun and shade leaves, submerged or 
aerial leaves, etiolated shoots, starved or over-nourished plants all jdeld 
familiar examples of these anatomical modifications, due to what may 
be considered purely inner causes. How extensive such modifications 
may be was shown by some of Vochting’s(43) experiments. 

When the kohlrabi plant is prevented from flowering in the second 
year by removing the flower buds as they form, the stem above the tuber 
swells, the increase being very strongly marked in the leaf base cushions. 
The cortex and conducting tissues become much enlarged. The collen- 
chyma divides and forms a thin-walled tissue. The phloem is radially 



Text-fig. 7. Swollen leaf base cushion of kohlrabi. Lower right-hand figure, tiiagram of 
new cambium formatioiis in the enlarged medullary rays, kmding to encircle one or 
two row’s of vessels, but leaving the innermost outside the ring. Left-hand figure, 
detail of inner part of a row of vessels witli lateral cambiums uniting in the protoxylem 
region and a few phloem elements forming on the outer side. Cell division active 
around the innermost protoxylem vessels. Top right-hand figure, a phloem nest in 
the vascular Region of a primary bundle. (After V^'ichting.) 


(dongated but not otherwise much altered. The xylem of the main leaf 
trace may become split into a number of bundles, each more or less 
completely surrounded by its own cambium ring (Text-fig. 7). This is 
due to a new formation of cambium on each side of the enlarged 
medullary ray, the cells of which first elongate tangentially before 
dividing and the process either extending in from the original cambium 
of the leaf trace or beginning in the deeper parts and extending outwards. 
The ends of these lateral cambiums may unite, as the result of the radial 
elongation and division of a layer of wood parenchyma, in the primary 
xylem, which may be so situated as to isolate from the rest of the bundle 
some of the primary vessels on the inside. The now cambium forms 
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phloem outside and xylem inside. Sometimes the middle part of the 


protoxylem parenchyma may become very 
active and form a thin-walled tissue in 
which nests of phloem develop, which may 
then become surrounded by a cambium, 
on the outside of which an occasional xylem 
vessel may be formed. These small inverse 
concentric bundles are also formed in the 
broadened medullary rays, and the smal¬ 
lest ones may have no cambium or xylem. 

When side shoots take part in a simi¬ 
larly induced thickening the swelling may 
be due largely to increased cambial ac¬ 
tivity, but instead of normal wood a thin- 
walled tissue is formed (Text-fig. 8), inside 
which some of the primary vessels, with 
thicker-walled tissue around them, may be 



seen. The phloem is much increased in this Text-fig. 8. Thin-walled paren 


case also. 


chyma formed on iimer side of 
rarabium in swollen axillary shoot 


In similarly treated savoy cabbage of kohlrabi prevented from flowcn-- 
. ,. - , . • . 1 'll ing. A primary vessel surrounded 

Jhting found concentric inverse bundles by thick-walled (^eiis is scn^n near 


Vochting found concentric inverse bundles 
in the thickened roots and leaf base 


by thick-walled (^ells is stH3n near 
the top. (After Vochting.) 


cushions, situated in the collenchymatous tissue of the inner xyh*m, 
though no bundles of this type are known in the normal plant as they 
are in normal kohlrabi. In the stem thickenings thus produced when 
the savoy is prevented from flowering, the phloem is miadi enlargtnl 
and, both in this plant and the kohlrabi, there is a considerable de¬ 
velopment of stone cells and of peculiar elongated branching sclerotic 
elements, termed idioblasts by Vochting. These are found in the same 
region in some of the fungus galls to be referred to later. *On the other 
hand, true fibres are noticeably scarce in the wood and phloem of the 
abnormal tissues in both cases. 


One other experiment of Vochting’s requires mention. He succeeded 
in grafting young kohlrabi leaves into the medulla of a tuber, where 
they grew into abnormally large and thick organs. In the thickened 
petiole he found the bundles tended to become concentric. 

Hans Winkler, a year earlier {•«>), had obtained a still more striking 
case of this formation of concentric bundles in the petiole. He was able 
to get well-developed flowering shoots from the leaves of Torenia miatica 
cut off with the petiole and planted so that the latter rooted. The petiole 
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thickened when it thus came to function as a stem, and its normally 
flattened collateral leaf trace bundle became a round, closed woody 
cylinder (Plate IX, fig. 8). The change took place by the development 
of cambial divisions (Plate IX, fig. 9), at first in the old cambium which 
had become inactive and then in cells of the ground parenchyma, either 
extending out from the side of the old cambium and curving round till 
the two sides united, or in groups of isolated parenchyma cells opposite 
the central part of the leaf trace, the process spreading laterally and 
curving down to join the original bundle cambium. In the case shown, 
the former method has occurred and only the two cells in the middle 
above have not yet fully joined in the process of division. Some of the 
products of division have become rows of tracheids, and phloem elements 
are appearing in places. Ultimately there forms a compact woody 
cylinder at least twenty times the area in transverse section of the 
normal leaf trace. A smaU-celled phloem surrounds the wood, and all 
the elements formed outside the original bundle are short as they are 
limited by the diameter of the ground tissue cells. 

Enough has been demonstrated in numerous investigations to establish 
the fact that, by purely internal processes and without the intervention 
of any parasite or agent of necrosis, every living tissue can become 
hypertrophied and all, by cell division, can show hyperplasy. In the 
hyperplastic tissues differentiation to other tissue forms can follow. 
Naturally, cells that have not finished growth and differentiation react 
the more readily, but even old cells can be affected, either directly or 
after first dividing and thereby becoming, so to speak, rejuvenated. 
Even cells that have developed thickened walls, as collenchyma, can 
enlarge and divide, or those in the early stages of lignification can be 
delignified, resume the parenchymatous condition, and behave like any 
other parenchyma. Differentiation in hyperplastic tissues may come 
from direct alteration of a cell—perhaps only one or two of a group 
formed from a single mother-cell—to a thick-walled type such as a 
sclereid, or to form a little island of phloem or a tracheid; or it maybe 
indirect as the result of the development of a meristem in the new tissue. 

So also tissues, cells, cell walls, and cell contents can show hypoplasy, 
or arrest of development or of differentiation, from internal, more or 
less natural, causes such as unsuitable nutrition or a deficiency in light. 
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COMPAEISON BETWEEN GALL FORMATION AND OTHER 
ANATOMICAL MODIFICATIONS. 

The processes that take place in gall formation, especially those due 
to vegetable parasites, resemble those described above, allowance being 
made for the fact that the stimulus may be more localised and may 
act for a longer time than in the case of, say, a wound. It seems very 
doubtful whether there is any essential difference between the tissue 
changes in gall formation and those in restitution and repair, or when 
tissues are stimulated or under-developed as a result of internal adjust¬ 
ments to alterations in the food supply or the environment. 

That it may not be superfluous to reaffirm this point of view is 
apparent from a cursory survey of some recent phytopathological litera¬ 
ture. Statements can easily be found that all tumours arise from cambial 
activity, or at most from certain embryonic cambial derivatives that 
have conserved their mcristematic characters; that leafy shoots can 
only come from certain totipotent cells that have preserved througl\out 
their developmental liistory the power of reconstituting the plant; that 
vascular tissue, when it appears in a gall at a distance from the main 
conductive system, comes from special groups of cambium derivatives 
that would normally have formed vessels but are deflected by some 
agency into forming parenchyma without, however, losing their vessel¬ 
forming character; that concentric vascular nodules or cylinders in the 
pith and cortex come from complex invaginations or evaginations of the 
cambium; and that the presence of such structures in a petiole or leaf 
implies an intrusive growth of stem-forming tissues into the leaf. It is 
obvious that some of these statements cannot possibly be correct. No 
theory of persistent initials will serve to explain the large transverse 
cambium often formed from all the cells in a layer near the surface of a 
callus, derived as they often are from the most varied tissues. Nor will 
such theories explain the regeneration of the Cyclamen cotyledons nor 
the production of leafy shoots on callus from all kinds of tissue. 

Crown gall. 

Many of these views have been based on the phenomena observed 
in crown gall caused by Bacterium tumefadens. No other plant gall has 
been so completely studied, not only on account of its intrinsic interest 
but also because of its suggested analogy to cancerous growths in 
animals. In none can the anatomical changes be better followed on 
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account of the magnificent series of photomicrographs with descriptive 
text in the numerous publications of Erwin F. Smith. 

When growing stems of sunflower, tobacco, tomato, castor, etc., are 
inoculated with the crown gall organism by means of needle pricks, it 
is not uncommon subsequently to find closed vascular rings, spheres, or 
cylinders in the pith and cortex(12). When found in the pith the orienta¬ 
tion of the tissues is frequently inverted, the phloem being inside and a 
ring of xylem outside the cambium. In the cortex and petiole (Plate IX, 
fig. 10) the orientation is normal and, as already mentioned, Smith 
interpreted these structures when found in leaves as evidence of an 
actual infiltration of cells bearing stem characters by a process similar 
to the infiltration or metastatic processes in animal cancers. The examina¬ 
tion of his photomicrographs of the earlier stages of this formation, 
however, shows that it comes about as a result of division of the ground 
cells of the petiole outside the leaf trace. In one of these (Plate IX, 
fig, 11) the new cambium has as yet only joined up with the original 
cambium on one side. In another, at a later stage, the gap has been 
almost entirely closed (Plate IX, fig. 12), but there are still some ground 
tissue cells in the early stages of division. The centre of the new forma¬ 
tion is a mass of tumour cells, but it is sometimes possible to make out 
that cells of the ground parenchyma are included within the ring. 
Robinson and Walkden pointed out in 1923(36) the resemblance of this 
process to that described by Winkler in Torenia, and showed (what is 
already evident from Smith’s photographs) that it resulted from the 
division of ground tissue cells opposite to the protoxylem, the latter 
being the region that they proved was occupied by the bacteria. Riker 
also (35) independently observed, in the same year, a tumour strand in 
the outer cortex of inoculated sweet-pea giving rise to a secondary gall 
with a closed vascular sphere (Plate IX, fig. 13). Serial sections showed 
that there was no connection between tliis vascular nodule and the 
vascular cylinder of the stem. Like Robinson and Walkden, he found 
(and this has since been confirmed by J. B. Hill(i2)) that tumour-strand 
formation in this position and in the pith is due to extension of the 
bacteria along intercellular spaces running longitudinally in the stem 
(Plate IX, fig. 14) or drawn out by rapid elongation of young parts, the 
cells bordering the infected spaces being stimulated to rapid division. 
In the pith strands formed in the sunflower Riker found some showing 
only hypertrophy of the cells round the first-formed tumour cells, but 
in others the vascular ring was developing, with xylem outside. 

Magrou in 1928(21) endeavoured to explain the closed vascular rings 
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that he also observed in his crown gall inoculations by a hypothesis that 
is more ingenious than convincing. He supposes that the cambium is 
stimulated to tangential hyperplasy and, having no room to expand 
laterally, becomes puckered into folds, some of which bend into the pith 
and others out into the cortex, in both cases tending ultimately to 
become cut off from the parent cambium. This would explain the 
inverse orientation in the pith and normal arrangement in the cortex 
that has usually been observed. Or he supposes that in needle-prick 
inoculations the ruptured cambium grows out and in along the edges 
of the wound, uniting at its base in the pith but recurving in the cortex 
where the wound prevents union. This explanation altogether fails to 
account for the concentric leaf trace bundles shown above, or for the 
absence of any remnants of a vascular connection with the main con¬ 
ductive system, or for the fact that the centre of these structures is 
usually occupied by a core of tumour cells, often in longitudinal con¬ 
nection, above and below, with a non-vascularised strand of such cells 
extending from the point of inoculation. Still less would it account for 
the similar structures shown by Smith in the wood ring itself, situated 
in the protoxylem region, where he has also figured a little nest of phloem 
in an inoculated sunflower. It will be remembered that Vuchting ob¬ 
tained similarly situated phloem nests in his kohlrabi plants prevented 
from flowering, and found that they represented an arrested early stage 
of inverse bundle formation. 

There need be no doubt that Robinson and Walkdcn's and Riker’s 
explanation of these formations as due to the presence of bacterial in¬ 
fection in elongated intercellular spaces or protoxylem vessels, acting 
as a stimulus which causes hyperplasy of surrounding cells, is correct, 
and that they are not associated with any activity of the normal cam¬ 
bium but are at a distance from, and quite independent of it. 

The inverse arrangement of the bundles of the pith, when such are 
found in crown gall, need cause no surprise. Medullary bundles are not 
uncommon in many families of plants and are frequently concentrically 
inverse or sometimes composed of phloem only (13,22). Various explana¬ 
tions, not excluding one on which Magrou’s theories are based, have 
been offered of their inverse arrangement, none of which appears very 
convincing. 

Normally orientated cortical bundles or nodules, isolated from the 
main conducting system of the stem, occur in at least two other woody 
galls due to bacteria. In the olive knot caused by Ba4^erium samstami 
I have found beautiful examples, and they occur also in the bacterial 
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tumours of the Aleppo pine described by Prillieux(3i), Petri(27) and 
Dufr6noy{9), the latter author, who has figured one, taking it to re¬ 
present the core of an adventitious bud which had failed to emerge 
from the cortex and remained permanently buried. Petri, however, 
showed that they were formed by a meristem developing around 
bacterial foci, as in crown gall. 

Bacterial infections are perhaps more likely to cause tissue changes 
localised around a focus than are other parasitic attacks, as the organisms 
are commonly confined to a restricted space, such as a single elongated 
intercellular space. It is easy to find in even fairly old crown galls 
appearances such as that in Plate IX, fig. 14, where extension of the 
parasite along intercellular spaces in the subepidermal layers of a tomato 
stem at some distance from the point of inoculation has led to tw^o small 
areas of commencing hyperplasy of the type that leads to the formation 
of ‘Humour strands.’’ I have found quite similar structures in tomato 
galls 3 months old, kindly communicated by Mr R. V. Harris. 

Though at first Smith believed these “tumour strands” to be actual 
intrusive gi*owths of the tumour cells insinuating themselves between 
the pre-existing tissues, he later recognised that some at least resulted 
from the division of previously normal cells along the path of the vstrand 
and stated that “Possibly all do 8o”(40). 

In the areas of rapid gall formation it is easy to follow the conversion 
of normal cortex cells into gall tissue. In Plate X, fig. 15, a tangential 
section has been cut of a tobacco stem gall. At E, the epidermis can 
be seen, at Cr, crushed cells in the outer cortex. Riker has shown (34) 
tliat the cells thus formed in tomato continue to be smaller and smaller 
by division up to over a month old, then enlarge somewhat. The average 
size of the normal cortex cell is nearly 5000 sq. /x, and this fell to 166 
after 33 days, then rose again to 407 sq. fi in 58 days. 

The tumour of the type shown breaks through the vascular cylinder 
by the path of the medullary rays. Fig. 16 is from a tangential section 
of the same tumour and shows the gall cells formed in a ray. During 
this process extension up and down—^mainly up—may take place in 
the form of narrow strands, marked here and there by little masses of 
gall tissue. These strands are usually in the protoxylem in Chrysanihenmm 
frutescens, a plant in which the apparent upward extension is due, as 
Robinson and Walkden have shown, to elongation of the infected part. 

The crown galls hitherto mentioned have been in herbaceous stems, 
and in the early stages these are marked by localised areas of reaction 
in the cortex, vascular cylinder, or pith. Another type of considerable 
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interest is found in the more or less woody stem or cane of the raspberry. 
In a fruiting cane, that is a cane in the second year of growth, the galls 
appear on the stem of the American black raspberry, Rubus ocddentalis 
(specimens of which were kindly communicated by Dr Eiker), as 
multiple outgrowths on the above ground parts. A transverse section 
of one of these in the early stage (Plate X, fig. 17) shows that the 
hypertrophy is at first confined to the region of the pericycle outside 
the fibre bundles. There are no nest-like groups of tumour cells such as 
are found in the plants previously considered. The swelling consists of 
thin-walled radially elongated parenchyma in rows and with scanty 
contents. The multiplying cells lie below the cork and are at first external 
to the groups of pericyclic fibres. At this stage they may be considered 
to be a parenchymatous phelloderm, but the reaction soon extends down 
between the fibre bundles and involves the tissues between them and 
the outer part of the phloem. The growth in this position bends up the 
pericyclic fibres and separates them widely from one another. The 
hypertrophy and hyperplasy rapidly increase (Plate X, fig. 18), but there 
is little cambial stimulation. Here and there (usually not over the whole 
arc of cambium underlying the gall) there is a small outgrowth of gall 
wood, which is sharply differentiated from the normal xylem by the 
scarcity of fibres and the thinner walls and wider lumina of the vessels, 
which are often distorted in their course. Outside this a patch of active 
cambium is found, and over it the phloem. The margin of the tumour is 
still mainly pericyclic, but the central mass is of more doubtful origin, 
being probably partly pericycle, partly phloem and even possibly partly 
cambium. Out in the gall parenchyma there early appear single tracheids 
or tracheid groups, just as in an ordinary callus and, like these, extremely 
short. One of these groups from the gall on the allied R, idaeus is shown 
in Text-fig. 3 on p. 178. As in callus, too, the tracheid groups sometimes 
become bordered by a meristem, and develop further tracheids on one 
side and phloem or gall parenchyma on the other. The gall often becomes 
highly vascularised by this means and is penetrated in all directions by 
irregular vascular strands, some of which can be traced into the original 
vascular cylinder. 

At the surface the cork is early ruptured, and though there may be 
some attempts at renewed cork formation, the surface of the gall is 
usually a loose mass of brown collapsed cells giving a weak lignified 
membrane reaction, and resembling the so-called hyperhydric tissue 
already mentioned as one of the tissues frequently formed on the surface 
of a callus. 
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Sections cut from galls resulting from inoculation witli Bacterium 
tumefadens on the ordinary red raspberry, Rubus idaeus, kindly pro¬ 
vided by Mr R. V. Harris, resemble those on the other species, though 
the well-marked corky layers that form the so-called polyderm in the 
endodermal region make it even easier to determine the origin of the 
gall below this position. 


Olive knot. 

In the olive knot caused by Bacterium savastandiiy^i) the galls are 
also formed on woody stems. In the primary gaU the part external to 
the cambium is mainly involved, the cells of the outer cortex, imme¬ 
diately below the periderm, forming an important part of the gall, which 
may, however, involve the inner cortex, the pericycle, and the phloem, 
all of which may show a marked hyperplasy around the bacterial pockets. 
The latter are more marked than in crown gall, as the organism causes 
necrosis of small masses of tissue so as to form obvious cavities. The 
swelling pushes out and ruptures the cork (a subepidermal one in the 
olive), and also separates the bundles of pericyclic fibres from one 
another. The process extends to the phloem parenchyma, so that the 
sieve tube groups and fibres are similarly dispersed. It becomes almost 
impossible to differentiate the various tissues external to the cambium 
from one another, phelloderm, cortex, pericycle, and phloem being com¬ 
posed mainly of oval gall parenchyma interspersed early with pitted 
sclerenchyraa and tracheids. The xylem is not directly involved, but 
the cambium is stimulated into increased activity to a certain extent 
so that the woody cylinder becomes thicker than normal, while the 
medullary rays are increased in diameter. The bacteria reach the inner 
wood probably along the rays, and extension, mainly in an upward 
direction, occurs in or near the protoxylem, where the tissues seem to 
be particularly readily penetrated by pathogenic bacteria. This migra¬ 
tion of the bacteria results in the formation of secondary tumours as 
in crown gall. In these secondary tumours Schiff-GiorginicST) states 
that the bacteria are always found in the wood. 

In the cortical gall tissue of olive knot, tracheids eventually appear 
and meriatems may form which develop spherical or cylindrical nodules 
of wood surrounded by a cambium, which may cut off phloem or 
parenoh 3 rma on the outer side. When the strands are elongated, the 
usual twisted or vortex type of tracheid tissue may result, as in callus 
wood. By the time the galls have reached a fair size they are largely 
composed of lignified tissue, and the bacterial colonies are found in the 
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midst of nests of gall wood, around which is still a fair amount of gall 
parenchyma. The vascularised tissue of the gall unites with an outgrowth 
of traumatic wood from the vascular cylinder of the axis, which spreads 
out into the gall. 

In the form on the oleander (38), caused by a variety of the same 
organism, the infection channels are stated to run chiefly in the cortex 
and the cells around the bacterial cavities show hypertrophy and hyper- 
plasy, resulting in a sheath of small, thin-walled, cuboidal cells. 

Other gall formations in tissues mainly external 
TO the cambium. 

Another type of gall in which there is no indication that the cambium 
is the tissue mainly concerned, due this time to an insect, is that caused 
on various conifers by Dreyfusia nusslini so well described by Chrystal(e). 
Here again the stimulus is localised, even more so than in the bacterial 
galls, and probably, too, acts for a shorter period than in the latter. 
The attack (which may be multiple) takes place at an early stage in 
the bud or just below, in the former case sometimes before lignified 
xylem has been developed. It causes an arrest in the formation of 
xylem, and hypertrophy of the phloem and medullary rays, sometimes 
extending through the latter to the pith. The stylets can sometimes be 
traced half-way down a ray but usually end in the phloem; they are 
unable to penetrate the xylem after lignification sets in. In their imme¬ 
diate neighbourhood the cambium ceases activity. In early attacks, 
before xylem has been differentiated, the whole or a part of the pro- 
cambial strand in the neighbourhood of the stylet becjomes a gall tissue 
of large, densely filled cells with prominent nuclei. In attacks lower 
down the shoot, the cortex may also be involved. 

Sometimes in multiple attacks the xylem is separated into isolated 
bundles, and when this occurs a cambium may form laterally along each 
bundle in the medullary rays and internally in the pith, so that the 
whole bundle becomes surrounded by cambium. The tendency for bundles 
isolated by enlargements of the medullary rays to become surrounded 
by cambium was already noted in Vochting’s experiments described 
above, and is one that is frequently observed in both insect and fungal 
galls. 

In the gall formed by Phylloxera vastatrix on vine roots, attack on a 
young root may equally lead to an arrest of development, the xylem 
being replaced by parenchyma where the stylet has penetrated, to a 
greater or less depth—sometimes completely in very early attacks before 
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differentiation has taken place. The rest of the root cortex in this case 
hypertrophies and the cells divide freely, while the xylem has short and 
very broad vessels. Petri (28) has clearly shown, however, that in the 
Phylloxera gall the effect on the tissues depends on the age of the root 
attacked. In somewhat older roots, where differentiation has progressed 
further, the pericycle, which is the region of cork formation in vine roots, 
shows hyperplasy all round, and the cortex becomes swollen laterally. 
Still later the cambium reacts actively, cutting off parenchymatous 
xylem internally of the same type, as will be mentioned later in the 
woolly aphis gall and, like the latter, becoming more normal again as 
the stimulus passes off, while the now well-developed pericyclic phello- 
derm of the secondary cortex is also multiplied. In still later stages the 
reaction fails to reach the cambium, and the swelling is chiefly due to 
the parts external to the phloem. 

These cases are enough to show how incorrect is Dufrenoy’s state¬ 
ment (9) that tumefaction is essentially a cambial activity, or M. T. 
Cook’s (7) that galls only result when the excitation or stimulant is 
applied to the meristcmatic tissue. 

Galls involving cortex and vascular cylinder. 

Witches^ broom of cacao. 

The next type of gall to be mentioned is one in which cambial 
activity plays a part more or less equal to that of other tissues. In the 
witches’ broom of cacao, caused by Maraamius pernicioms, the stem is 
abruptly swollen to twice or three times the normal diameter. The 
swelling may involve everytliing from the epidermis to the centre of the 
stem. In a case measured by Went (44), the cortex, phloem, and xylem 
were each about three times their normal thickness, and the pith nearly 
twice as broad as lower down. The relative amount of thickening in the 
different tissues is, however, very variable. In the section shown in 
Plate X, fig. 19, the cortex is entirely crushed by the growth of the 
pericycle and deeper tissues. The intercellular hyphae of the parasite 
were found in the outer phloem near the point where the swelling com¬ 
mences, ix. the oldest part of the gaU. Here there is a slight prohfera- 
tion radially of the one or two layers of pericycle just outside the outer 
fibrous layer and between the latter and one or two layers of inner 
cortex, rich in starch. Then there is a rapidly increasing proliferation of 
phloem parenchyma deeper in, which pushes apart the bundles of fibres 
in the phloem and separates them from one another. The crushed cortex 
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is still clothed by the remains of the piliferous epidermis. The brooms 
are short lived (some 6 weeks) and remain soft and fleshy, cork being 
rarely formed on them. In the cases described by Went, the mycelium 
at the base of the gall was confined to the cortex, and in his cases the 
cortex was not crushed but considerably thickened. Sometimes the 
xylem thickening may be about equal to phloem, pericycle, and cortex 
taken together. The medullary i&yB are broadened, especially in the 
outer part of the phloem, which is narrowed to a series of pointed wedges. 
It becomes almost impossible in this case to distinguish the cortical 
parenchyma from that deeper in, except that the pericycle can still be 
traced by its scattered groups of fibres. All the parenchyma, except that 
nearest the epidermis, comes to assume the same shape, elongated 
radially and with thin walls. This parenchyma multiplies by the di\dsion 
of all its cells, but mostly those of the inner cortex and outer phloem 
and, especially, the cells lying immediately next to the phloem fibres. 
The xylem vessels are broader and with thinner 
walls, and the outer xylem elements are largely 
parenchymatous. As one passes higher up the 
gall, the fungus is found throughout its thickness 
from the pith to the epidermis. The higher up 
One goes, too, the less clearly the different tissues 
are differentiated from one another. The fibres 
become at first septate, then reduced in numbers, 
and finally none forms. 

Most of the thickening of the xylem seems 
to be from cambial activity, but in the other 
tissues it is mainly due to division of parenchyma 
in situ. 

In the swollen leaves of this gall the distinc¬ 
tion between palisade and spongy parenchyma 
disappears (as is common in leaf galls). In the « 

midribs of sound and .diseased leaves shown in 
Text-fig. 9, the cortex is over six times, the 
phloem nearly twice, and the xylem three times 
as thick in the latter as in the former. The xylem vessek are larger and 
more numerous, the medullary rays much wider and the pericyclic band 
of fibres broken up. 



Comparison of 
normal and swollen mid¬ 
ribs of loaves from caca9, 
to show the effect of 
Marasmius pernicioswi, 
(After Wont.) 
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Acacia gall rust 

Another gall in which pericycle and phloem are extensively involved 
but cambial activity also occurs, is that of Accma decurrens caused by 
the rust Uromycladium notahile^ specimens of which have been kindly 
communicated by Dr 6. H. Cunningham of New Zealand. In this case 
the relationship of the tissues is difficult to make out unless they are 
followed from the very early stages (Plate X, figs. 20 to 23). In the 
rachis of the bipinnate leaf there are two large bundle groups, each 
formed of a flattened band of xylem capped by a curved mass of phloem. 
The gall seems always to affect the bundle on the side opposite to that 
on which the leaflets are inserted in two rows near together. In the 
earliest stage (Plate X, fig. 20) there is a slight swelling in the middle 
of the phloem, where a group of cells becomes enlarged and thin-walled. 
This swelling extends, expanding the phloem into a conical mass 
(Plate X, fig. 21), the outer elements of which are large and thin-walled 
while those nearer the cambium are more normal. Soon the xylem is 
affected, and the new elements cut off from the cambium on that side 
show an excess of parenchyma with few wide vessels, though files of 
relatively thin-walled tracheids are still formed. There is an increase in 
the breadth of the rays and the formation of new ones and of much 
wood parenchyma. Fibres are still found scattered in the wood. The 
xylem hypertrophy, however, may not keep pace with that of the phloem 
and may come to an end fairly soon (Plate X, fig. 23). In the phloem 
there is a development of stone cells, and elongated fibre-like, thick- 
walled elements appear here and there, and seem to be similar to the 
previously mentioned idioblasts of Vochting, which develop in the same 
region in Brassicas thickened as a result of the removal of the flower 
buds. The pericycle may also enlarge by the formation of radial rows of 
thin-walled cells, whose radial walls are in the same straight line. Groups 
of thin-walled dividing cells appear in the pericycHc fibre band and may 
divide the latter into segments. A cork may form in this zone, or the outer 
cells may proliferate as hyperhydric tissue. For a considerable time, how¬ 
ever, the swelling may remain covered with the epidermis, bearing hairs. 

In the early stages an irregular, sometimes discontinuous cambium 
can be made out between the xylem and phloem (Plate X, fig. 23), but 
the cambial cells usually lose their individuality later on and, with the 
outer part of the parenchymatous xylem, become involved in the general 
hyperplasy, so that it becomes impossible to differentiate between 
phloem, cambium, and outer xylem* 
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Differentiation of the type repeatedly referred to takes place by the 
direct change of some of the gall parenchyma cells into tracheids, 
or the development of isolated meristematic strands forming both 
xylem and phloem, which may be close together or diverge some¬ 
what in their irregular course. Whorls and woody nodules are thus 
formed. 

The hyphae in the early stage can be distinguished by their finger- 
shaped, sometimes branched haustoria in the enlarged phloem and, later, 
are easily made out in the pericycle and the vicinity of the cambium. 
Sections of the early stages have sometimes revealed them in the outer 
xylem, and in these cases the greater part of the young gall may be 
composed of naoclified wood. The galls, I am informed by Mr Eodda, 
Manager of the Te Kauwhata Horticultural Station, New Zealand, 
usually appear in late summer (February), and growth continues through 
the winter into November or December. The spore masses then appear. 
On small branches the galls usually die after the first crop of spores 
(insects often destroying them), but on large branches or stems they 
may go on growing for several years by renewed warty outgrowtJis, and 
ultimately reach a foot or more in diameter, being amongst the largest 
fungous galls known. 

Galls involving mainly the vascular region. 

Club root. 

There are a few galls that chiefly involve the vascular ring. In the 
club root of crucifers caused by Plasmodiophora hrasdem, Kunkel(i7) 
found that the swelling on cabbage stems caused by artificial inoculation 
at first affected the secondary cortex (the primary cortex having already 
been lost), but the organism reached the cambium fairly soon and 
produced a marked hyperplasy of the cells in this region. Th(‘ elements 
cut off on the xylem side remained undifferentiated and again rapidly 
divided. In infections at later stages of growth, the medullary rays 
chiefly become infected and show a hypertrophy and hyperplasy which 
may be extremely marked (Text-fig. 10). Except at the point of original 
invasion, the phloem and secondary cortex only become infected out¬ 
wards from the cambium. In stems which are no longer young, and in 
which the phloem tissues are hardened, only those cells that have de¬ 
veloped after infection has reached the cambium become involved, if 
the medullary rays be excepted. The increase in size of the medullary 
rays may be such as to divide the vascular ring into widely separated 



E. J. Butlbe 


199 


bundles. Distortion from this uncontrolled growth of the ray parenchyma 
may be such as to turn the bundles through 90 or even 180 degrees. 



Text-fig. 10. Part of central cylinder of cabbage stem inoculated with Plasmxliophma 
bransicac, showing enlargement of medullary rays. (After Kunkel.) 



Text-fig. 11. Later stage than Text-fig. 10, showing disorganisation of the wood by 
proliferation in the medullary rays. (After Kunkel.) 


Not only is the original xylem broken up. into separate masses (Text- 
fig. 11), but tracbeidal tissue may develop in the hyperplastic ray 
parenchyma so that very confused structures result. 
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Woolly aphis. 

In the tumours produced on the apple by the woolly aphis, Eriosoma 
lanigerumi!^), the alteration is pcactically confined to the xylem ring of 
young shoots, the cortex, phloem, and pith being unaffected (Plate XI, 
fig. 24). In this case, it appears to be practically certain that the 
stimulus acts on the cambium mainly or exclusively. The first change 
is the suppression of the wood fibres, which are replaced by parenchyma; 
then the tracheids become thin-walled and are also largely replaced by 
parenchyma in rows of cells with pitted walls and sometimes containing 
starch. The newly formed wood is not lignified and mainly consists of 
wider cells than normal, with soft walls. Sometimes groups or layers of 
lignified wood are formed, especially in the later stages, so that patches 
of new xylem may appear at a distance from the old. Isolated cells or 
small groups in the deeper layers of the gall tissue may also become 
lignified. The medullary ray cells also hj^pertrophy and become thinner- 
walled than normal and, like the other parenchyma of the gall, divide 
in all directions so that their identity is lost. The sclerenchyma bundles 
of the pericycle become pushed apart by the radially elongated gall 
parenchyma, the unaltered cortex is split by the pressure, and the soft 
gall tissue protrudes. Cork forms on this, but in the winter cold the 
gall collapses and dies, (vallus formation then ensues, new infestations 
occur on the callus masses and on the exposed gall tissue, and supple¬ 
mentary growths are produced. 

It has been shown that the stylets reach the phloem, but do not 
penetrate further than to within three or four cell layers from the 
cambium, so that the stimulation of the latter acts at some distance. 
Why the action should be restricted to one side only, and that the side 
furthest from the stimulus, is not clear. 

Tea canker. 

Another case in which the gall is wholly woody is that known as 
tea canker, which has been attributed to various organisms, such as 
Nectria and Macrophoma, but the etiology of which is still obscure. The 
affected branches are swollen irregularly, the swelling usually sur¬ 
rounding the whole stem but being sometimes unilateral (Plate VIII, 
fig. 3), and the cortex is cracked and shows protrusions of reddish woody 
tissue^ In the early stages of a thickening of the whole circumference, 
a transverse section (Plate XI, fig. 26) shows what appears rather like 
two annual rings of wood. Above and below the swelling, however, 
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these rings are not visible, but only a continuous body of xylem corre¬ 
sponding to the inner one. Hence the outer ring is a local formation, 
and as the other tissues are not appreciably swollen, the visible thickening 
is due to this excessive xylem development. 

The new growth is due to cambial stimulation mainly on the xylem 
side, as in the woolly aphis gall. The gall wood elements are often not 
in radial continuation with the old, but are variously bent or contorted, 
sometimes even coming to lie across the rows. The pressure ruptures 
the cortex, and the bark becomes rapidly exfoliated into shreds. Some¬ 
times the cambium is killed over a part of the circumference, and this 
leads to a complication of the structure by attempts at a normal process 
of wound repair extending in from the cambium at the sides (Plate VIII, 
fig. 3). The wound may be entirely closed, or repair may fail to close it 
and a gaping canker down to the original wood remains, bounded by 
swollen callus lips. 

Another point of resemblance to the woolly aphis gall, and also to 
some of the Phylloxera galls, is that in many cases the more recently 
formed wood gradually comes to resemble the normal wood, with clearly 
differentiated vessels and fibres, as if the stimulus were passing off. 

Sorosphaera veronicae. 

Before leaving the consideration of galls involving the vascular 
system, a tumour that is usually confined to the procambial region 
behind the apical meristem may be referred to. This is the gall of 
Veronica Chamaedrys caused by Sorosphaera veronicaei^A), one of the 
Plasmodiophorales and therefore in the same group as the club root 
organism. Specimens and microtomed sections of this have been kindly 
provided by Dr Schwartz. 

In the longitudinal section shown (Plate XI, fig. 26) the tumour 
extends backwards on both sides from the point in the procambium 
where the xylem is just beginning to form, and also out into a leaf. 
Spiral vessels can be found throughout its length, but do not occupy 
any fixed position in the mass of gall tissue, being sometimes on its 
inside near the pith, sometimes on its outside towards the cortex and 
with only a few procambial elements between, sometimes in the middle. 
Evidently it is not only cells of the cambium, but also the derivatives 
of these lying around the protoxylem vessels, that become stimulated 
to increased growth and division. There is a great hyperplasy of the 
whole of the procambial region to form a tissue of more or less polygonal 
cells, in which are mingled the few xylem elements already differentiated 
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before the parasite reaches them and some scattered groups of elongated 
cells. Many of the infected cells and some of the neighbouring non- 
infected ones are also hypertrophied, sometimes greatly. As shown in 
Plate XI, tig. 27, there is no extension into the cortex or pith, but 
other sections have revealed a commencement of cortical invasion by 
an outward passage of the parasite from the vascular region through 
the endodermis. This invasion of the cortex from witliin, and the pre¬ 
dilection of the parasite for the cambial region, are points of similarity 
to club root. 


Galls invoi^vino primarily the pith. 

Hypertrophies of the pith are commoner in insect than in fungous 
galls, as there is a large number of insects whose larvae inhabit the pith: 
many lepidopterous stem galls are of this type. The pith cells have 
remarkable powers of reaction by enlargement and division, and naturally 
when the woody cylinder is already formed in the stem the result of a 
pith swelling is that the bundles are forced apart and undergo various 
modifications. 

In the insect galls due to larvae which occupy a pith cavity, the 
cavity is frequently surrounded by a nutrient tissue of densely filled 
cells formed by the division of the pith cells, and outside these is a zone 
of sclcrenchyma, similarly derived, forming a protective layer. When the 
enlargement is considerable, these tissues are irrigated by vascular tissue 
joining up with the normal vessels of the stem. The stem bundles are 
forced apart by the enlargement of the medullary rays, and their number 
may be increased. 

The example shown (Text-fig. 12) of the stem gall of Potentilla reptans 
caused by Xestophanes potentillae, Villers, from Houard’s remarkable 
work on stem galls (14), indicates how several of these modifications 
come about. The cells around the gall cavity are elongated and much 
divided as a preliminary to the development of the nutrient tissue. Up 
to 30 or 40 cells may be formed by subsequent division in all directions 
in an original pith cell; in some other similar galls considerably greater 
numbers may develop. This hyperplasy extends into the medullary rays, 
and at the same time there is increased activity of the cambium, which 
forms secondary non-lignified xylem and parenchymatous secondary 
phloem. The cambial activity extends out into the greatly enlarged rays 
and down along the margins of the bundle, and may bend in at the 
perimedullary region so as to form a ring, or may extend towards the 
nutrient tissue of the gall. The irrigation of the latter is provided by 
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vessels developed from this cambium. The protective zone of sclerotic 
tissue appears between the new vascular tissue 
and the nutrient zone. In the formation of these 
protective layers a single mother-cell may con¬ 
tain parenchymatous daughter-cells in one part 
and sclerenchyma in another, a phenomenon 
frequently observed by Vochting in his re¬ 
generation experiments. 

The similarity of the process of development 
of these lateral cambiums, and of the paren¬ 
chyma in the protoxylem region, to what has 
already been seen in the thickening due to pre¬ 
vention of flowering in the kohlrabi is evident. 

As already mentioned in considering the Drey- 
fusia gall, there seems to be a general tendency, 
when the medullary rays exceed a certain size, 
for the bundles to surround themselves with a 
ring of cambium. 

In some similar galls, e,g. that produced by 
Avlax {Aulacidea) hieracii on Hieracium umbel- Text-fig. 12. Pai-t of vascular 
Houard note that tho newly formed 
small bundles may consist solely of phloem in bythv I&tvsl ofXestophanes 
the early stages, and when xylem appears it may 

develop around a core of phloem to form an The 

. , ,, . • Tr.. 1 r.* » ’ «ells are 

inverse bundle, again as in Vochting s cxpen- elongated radially to the 

meuts bundle and much divided. 

The insect cavity is beyond 

Naturally the outer layers, pericycle, cortex, the top of the ‘figure, and 
and epidermis, have to be modified to allow 
for the expansion of the stem that results from 

pith-inhabiting larvae. In some cases, e,g, Epilobium montanurn stems 
swollen by the larvae of the lepidopterous Mompa decmella, an active 
pericyclic cambium develops, but instead of cutting off cork outside 
and phelloderm inside in the normal way, it forms thin-walled paren¬ 
chyma on both sides. In this gall also there is an active formation of 
small cells in the hypertrophied endodermis, and also a very active 
division of the parenchyma cells of the internal phloem that is found in 
this plant. The cortical swelling may be due to simple hypertrophy, 
cells from a half to over one millimeter in length being found in the 
cortex in several of the galls described by Houard. 
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GAI.LS RESTBICTED TO THE TRUE CORTEX. 

Purely cortical swellings, in which the central cylinder plays no part, 
are familiar in endotrophic mycorrhiza, where the endodermis of the 
infected root is not penetrated, and only cells of more or less defined 
cortical regions are hypertrophied. Some of the bacterial root nodules 
of the Leguminosae are also purely cortical formations, e,g, those of 
the French bean (23), though in others the central cylinder participates 
by a swelling corresponding in origin and position to a lateral root and 
joining up with the cortical swelling outside. In the common stem gall 
produced by Protomyces macrosporm on Aegopodium podagrariae there 
is a hyperplasy of the outer cortical ceUs restricted to those in the 
vicinity of the intercellular hyphae, the presence of which, in the early 
stages, can be postulated whenever a fully formed cortical cell is observed 
to be dividing. Though in this species of Protomyces, the vascular, tissue 
is wholly unconcerned, in P, pachydermus on dandelion the spores occur 
in the phloem of the midrib and lateral bundles (Plate XI, fig. 28). 
This is only one of many cases in which two allied fungi produce different 
effects on the host, even when, as Magnus pointed out(i3), both attack 
the same plant. Thus the aecidial stages of two species of Puccinia, 
P. graminis and P. arrfienatheriy both on the common barberry, produce, 
in the one case, localised leaf hypertrophies and in the other, witches’ 
brooms, the differences being due, no doubt, to the widely different 
modes of infection in the two cases. 

Leaf galls caused by fungi. 

Leaves offer many excellent examples of the development, without 
the intervention of a meristem, of gall tissues composed of uniform cells, 
even when derived from cells that are normally quite distinct, as the 
paUsade and spongy mesophyll. In the common abnormal growth caused 
by Cystopus candidus on the Shepherd’s Purse {Capselh hursa-pastoris) 
the mesophyll of the thickened leaf is composed wholly of large round 
cells. Leaves of witches’ brooms formed by species of Taphrina are also 
usually composed of round cells, with no differentiation into palisade 
and spongy layers and with small intercellular spaces. T. deformans also 
thickens the leaves, and causes the palisade cells to multiply and lose 
their normal shape, becoming almost isodiametric in the outer layer, 
where they are hard to distinguish from epidermal cells, and oval 
deeper in. Exobasidium oxycoed makes all the mesophyll into a uniform 
type of parenchyma without intercellular spaces in Vaednium macro- 
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carpon and Gaylmaacia dumosai^). In E. mceinii{4S), on the other hand, 
the swollen leaves of V. vitis idaea preserve the palisade but little altered, 
the mass of the swelling being due to hypertrophy and hyperplasy of 
the spongy mesophyll, the cells of which are roundish or polygonal 
without intercellular spaces. In E. rhododendri on Rvbus ferrugineum 
and R. hirsutum the effect is the same as in E. oxycocei when the leaf is 
totally infected from an early stage, but is like E. mcdnii when only a 
part of the leaf shows the swelUng(iO). 


Text-fig. 13. 



Aeoidial stage of Ch^mnoaporangium juniperi-virginianae on apple leaf. 
(After Reed and Orabill.) 


In the aecidial stage of Gyrmosporangium. juniperi-virginianae on the 
apple leaf (*33), the hypertrophy is almost all due to the spongy mesophyll, 
the palisade being little altered (Text-fig. 11^). The middle layers of the 
mesophyll are enormously elongated, and divided by transverse or 
oblique walls. It is in this tissue that the aecidia form, and it« elongation 
gives room for the development of these organs in the deeper part of 
the leaf. Intercellular spaces are lost. This type of swelling resembles 
that sometimes found in leaves exposed to excessive moisture so as to 
cause the production of the intumescences already referred to. 


EriDERMAL GALLS. 

The epidermis may be directly involved in gall formation, as in the 
well-known host cells of Synchytrium, or may be indirectly concerned, 
as when it shares in the reaction of tissues around an invaded cell or 
other centre of irritation. In the latter case, it frequently tends to lose 
its characteristics as a distinct tissue. In the willow leaf galls caused 
by hymenoptera of the genus Pontania, Werner Magnus (20) found the 
epidermal cells dividing to form up to four daughter cells, and the 
underlying palisade up to eight, with a marked reduction in the differen¬ 
tiation between the two tissues. 
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In the capsule or sheath of small cells that forms around the single 
enlarged epidermal cell of the dandelion infected with Synchytrium 
taraxaci, microtomed material of which has been kindly provided by 
Dr W. R. Ivimey Cook, both epidermis and subepidermal cells are 
represented (Plate XII, fig. 29), though it is not possible to detect any 
difference in the daughter-cells of the two tissues. Here there is no cork 
formation, the small size of the source of the stimulus (localised to a 
single cell) and its relatively short duration, perhaps, being insufficient 
to induce any attempt to occlude the affected part. The cells elongate 
tangentially to the host cell and divide by walls at right angles to the 
latter. Intercellular spaces do not occur in this new tissue. 

Localised stimuli that do not lead to cork formation are caused by 
several other epidermal parasites amongst the fungi. Urophlyctis 
kriegerianay for instance, occupies a single epidermal cell, like Synchy- 
trium^ taraxad., but causes a somewhat more extensive reaction of the 
epidermis of the host (Carurn caruii) with less penetration into the 
tissues below. On young potato stems the wart fungus, Synchytrium 
endobioticum, similarly stimulates the epidermal cells next to that in 
which the presorus develops to grow out into a rosette of club-shaped 
divided cells, and it is not until a later stage, when the resting form of 
the fungus has been carried deep into the tissues by repeated transverse 
divisions of the infected cells, and there are usually multiple infi'ctions, 
that the large warty outgrowths take place. 

When Taphrina aurea penetrates the poplar loaf, the mycelium 
remains confined between the cuticle and epidermis, only sending short 
branches down between the cells of the latter. These are stimulated 
locally (Plate XII, fig. 30) and become two or tliree times the normal 
length, often dividing when they reach full size. There is little dis¬ 
turbance of the rest of the tissues. 

Gall reaction to systemic infection. 

At the extreme other pole from these cases of strictly localised 
parasites stand the diseases of the virus group. In many of these the 
morbid principle appears to be distributed throughout the whole plant. 
Few produce tissue reactions of the type discussed in this paper, but 
some do, e.g. the curly top of beet and Fiji disease of sugar-cane. In 
the woody disease of the passion fruit {Passiflora eduUs)^ material and 
sections of which have been kindly provided by Dr R. J. Noble, who 
has studied it in Australia and proved it to be juice infectious (25), one 
of the main symptoms is a thickening of the pericarp, which may become 
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double the normal breadth and show irregular protrusions. The pericarp 
is abnormally hard and woody, due to extensive thickening and lignifi- 
cation of the cells. In the normal fruit (Plate XII, fig. 31) there is a 
single epidermal layer, then a hypoderm of three layers of thin-walled 
cells, below which is a band of lignified sclerotic cells also about three 
layers deep, followed by the ordinary thin-walled parenchyma of the 
main mass of the fruit wall. In the woody fruit (Plate XII, fig. 32) the 
sclerotic band becomes broader and more irregular, while the cells of 
the underlying parenchyma are also transformed in great part into 
lignified stone cells. At a later stage (Plate XII, fig. 33) cork forms 
below the sclerotic band, the outer layers of which (together with the 
epidermis) may become exfoliated. The phellogen develops in elongated 
cells, which divide as in the wound cork formation in leaf spots described 
above, but the cells on the side furthest from the surface become trans¬ 
formed into a sclerotic phelloderm, which shades off into the sclerotic 
tissues below. The local hypertrophies are due to this sclerotic phello¬ 
derm. In the well-known stony condition, termed lithiasis, in pears a 
similar sclerotic phelloderm is often formed, and several other cases of 
the kind will be readily recalled (one in the papaw is very familiar to 
residents in the tropics), but, so far as I know, this is the first that has 
been ascertained to be the result of a disease of the virus group. 

That fungi and insects or mites can produce new structures in plants 
is undoubted, if by ‘‘new"’ we mean such as are not normally found in 
the life of the plant. The erineum hairs resulting from mite infestation, 
or the rosette cells of the epidermis around a Sy?ichytrium endobioficum 
infection, are not like anything found elsewhere in the plant, but have 
a quite distinctive form. It is noticeable, however, that most of these 
erases occur in cells which, through the action of the stimulus, have 
become to a greater extent isolated from the neighbouring tissues than 
usual. Complicated correlation factors are probably involved, in whi(*h 
the stimulus of the foreign organism is, perhaps, very indirectly concerned. 
In the great majority of cases there is nothing new in the tissues of 
reaction, but merely a disorganisation or an intensification or inhibition 
of the normal processes of tissue formation and differentiation. The 
insect or fungus can do no more than call out powers which the cells 
and tissues already possess, powers which plants can ordinarily make 
use of in meeting such incidents of their life as may necessitate the 
healing of an injury, or the making provision for coping with unsatis¬ 
factory or unduly enhanced supplies of nutriment or light, or other 
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environmental vicisBitudes. Not only the meristems have the ability to 
respond by the development of new tissues or by modifications in the 
products of their activity: other living tissues can play a part not less 
important. It may be that there are some tissues that react more 
readily than others: the cambium certainly does so, and perhaps the 
pericycle: but the examples cited above are sufficient to show that these 
differences must not be exaggerated. As Kiister says: ‘'In all living 
plant cells, even in the cells of the higher plants, there slumbers the 
potentiality for the development of all histological characters that apper¬ 
tain to the particular species.” Many unnecessary complications of 
interpretation and perhaps some false analogies, in respect of the pro¬ 
cesses of morbid anatomy, can be traced to an insufficient recognition of 
this truth. 

Besides the acknowledgments already made in the text to those 
who have been kind enough to communicate specimens and microscopic 
preparations, thanks are due to Mr L. A. Boodle, of the Royal Botanic 
Gardens, Kew, for much helpful criticism and advice. 

Summary. 

The anatomical modifications in the tissues of plants caused by the 
action of gall-inducing fungi and insects are illustrated by a number 
of examples, and compared with those produced by various processes 
of regeneration and wound healing or by factors that lead to anatomical 
changes without the intervention of wounds, such as nutrition, humidity, 
and the like. It is concluded that all living cells have the potentiality 
to react to various stimuli by h 3 rpertrophy, hyperplasy, or the develop¬ 
ment of meristematic tissues, and that the pre-existing meristems are 
not, of necessity, primarily implicated in gall formation. 
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EXPLANATION OF PLATES VIII -XII 

PLATE vm. 

Fig. 1. Medullary cavity in sunflower stem inoculated with crown gall by a needle wound 
m the young flower head, showing vascular ring, cortex, and epidermis formed around 
the wound. At x glandular hairs; at t an incipient tumour. (After E. P. Smith.) 

.Fig. 2. Detail of wall of cavity in Fig. 1, showing cortical tissue, epidermis and hairs. 
(After E. F. Smith.) 

Fig. 3. Callus and wound wood formation in tea canker. 

Fig. 4. Commencement of wound cork formation in apple twig inoculated with Nectria 
galligena 11 days previously. The cells outside the brown zone in the cortex and below 
the perioyclic fibres are elongating and dividing. 

Fig. 5. Later stage of wound cork formation in apple twig inoculated with Nectria 
gaUigena Z1 days previously. The wound is completely occluded. 

Fig. 6. Citrus scab on rough lemon {0. Umonia). Early stage showing elongation and 
division of mesophyll cells. 

Fig. 7. Later stage of same, showing cork barrier completely cutting off the necrosed 
tissue. The original walls of the mesophyll colls are thickened and intercellular spaces 
almost absent. (Figs. 6 and 7 from sections by H. S. Cunningham.) 
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PLATE IX. 

Fig. 8. Woody cylinder in rooted petiole of Torenia asiatim leaf bearing a shoot. 

Fig. 9. Earlier stage of formation of same, showing renewed cambial activity in the le^af 
trace and new cambium forming in the ground-tissue cells on each side, curving 
round to unite at the top where two cells have only just begun division. The new 
cambium has formed rows of tracheids inside and phloem elements outside. (Figs. 
8 and 9 after Winkler.) 

Fig. 10. Petiole of Chrysanthemum frutescens about 11 weeks after an inoculation lower 
down in the stem with crown gall, showing leaf trace transformed into a closed woody 
ring, in the centre of which is a group of tumour cells in continuity with a strand of 
similar cells in the protoxylem region down to the point of ino(‘ulation. 

Fig. 11. Early stage of similar loaf trace, showing new cambium forming on the right-hand 
aide in the ground-tissue cells. 

Fig. 12. r^tor stage from same petiole as Fig. 11, but lower down, showing new woody 
ring almost complete. (Figs. 10 to 12 after E. F. Smith.) 

Fig. 13. Secondary crown-gall formation in 8we.et-pca stem inoculated lower down about 
7 weeks previously, showing closed woody nodule in the cortex. 

Fig, 14. Two subepidermal intercellular spaces infected with tumefa4‘tens, showing 
hyperplasy of surrounding cells to form a more or less concentric sheath. (Figs. 
13 and 14 after Riker.) 

PLATE X. 

Fig. 15. Tangential section of tobacco stem crown gall, showing hyperplasy of colls of 
cortex to form tumour tissues. At Or. crushed cells; JH. epidermis. 

Fig. 16. Tangential section of same tumour as last deejier in, showing tumour tissue in 
w’ood and commencement of extension vertically. Tr. tracheids. (Figs. 15 and 16 
after E. F. Smith.) 

Fig. 17. Early stage of crown gall of black raspberry {Jtuhus orcKirntnhs), showing hy|K‘r- 
trophy and hyperplasy of (’ell lay(>rs Ix'tweeii cork and |)ericvchc fibres. \"ascular 
region unalfered. On the left the (U)rtex has lH*gun to split above the j>hcllogen. 
Note absence of tumour tissue nests. 

Fig. 18. J^t>(ir stage of same, with all the tissues down to the (‘ambiura inv(dved. Outer 
part of xyiera broadened below tumour by increase in the medullary rays, and in this 
part there are no large vessels. Note the bending up of the [)erioy(’iic fibn‘.s on the 
right, from a proliferation of the phloem tissues. 

Fig. 19. Longitudinal section of sw’ollen cacao shoot from the witches’ broom caused by 
Marasmius perniciosus. The primary cortex of the normal part (on the right) has been 
bent up and crushed by a pericycHc proliferation in the thickened part. Hypluie 
were found in the pericyclic region of the thickened part near its point of origin. 
Further to the left the phloem is also much enlarged. 

Figs. 20 to 23. Progressive early stages of gall formation on Ara^^ia decurren.-i by the rust 
IJramydadium notabiU, In Figs. 21 and 22 the thin-w’alled phloem hypertrophy is 
visible, in Fig. 23 the wavy dark line about the centre of the gall represents the 
jKisition of the o.ambium, but there is little difference in the cells on each side of this. 

PLATE XL 

Fig. 24. Woolly aphis gall on apple twig, showing parenchymatous xylem lieeoming 
normal again at the periphery. Tissues outside the cambium not affected. (From a 
section cut by S. P. Wiltshire.) 

Fig. 25. Tea canker, showing wound wood simulating an annual ring. Note its looser 
structure and scarcity of fibres, except at the periphery where it becomes mon? normal. 
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Hg. 26. Longitudinal section of Veronica chamaedrys affected by Soroaphaera veronicae, 
showing gall formation in the prooambial region and extending out into a leaf. 

Fig. 27. Detail of same in the stem, enlarged to show tumour tissue restricted to the 
procambial region and not extending into the cortex or pith. (Figs. 26 and 27 from 
sections communicated by E. J. Schwartz.) 

Fig. 28. Section of dandelion leaf showing the large bundle on right infected with Proto- 
myces paohydermus and that on left free. The fungus is confined to the phloem. (From 
section cut by W. R. I. Cook.) 

PLATE XII. 

Fig. 29. Tangential section of dandelion leaf infected uith Synchyinam tara^carit showing 
two large host (jells, each surrounded by a capsule of small rectangular cells without 
intercellular spaces. In the angle of the vascular strand on the loft is a surface view 
of an earlier stage of capsule formation around a host coll below the level of the 
section. At this depth most of the capsule comes from the mesophyll tissue. (From 
a section cut by W. R. I. Cook.) 

Fig. 30. Taphrina aurea on poplar leaf. Early stage, showing elongation of a group of 
epidermal cells, one of which has divided. 

Fig. 31. Normal fruit wall of passion fruit. 

Fig. 32. Fruit wall of passion fruit affected by “woodiness,*’ showing the increase of the 
normal layers of sclerotic cells and the transformation of the iwironchyma below into 
stone cells. 

Fig. 33. Later stage of “woodiness,** showing the development of phellogen cutting off a 
sclerotic phelloderm below. (Figs. 31 to 33 from sections communicated by R. J. 
Noble.) 


{Received, Janvmy 24f7i, 1930.) 
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INTRACELLULAR INCLUSIONS IN MOSAIC 
OF 80LANUM NODIFLORUM 

By J. HENDERSON SMITH, M.B., Ch.B. 

(Departmerd of Mycology, Rothamsted Experimental Station, Harpenden.) 

(With Plates XIII-XVI and 1 Text-figure.) 

In the course of a study of the aucuba or yellow mosaic of tomato, 
inoculation of the virus was made into an extended series of different 
host plants, and in the examination of these hosts search was made for 
the presence or absence of abnormal intracellular inclusions, and in 
particular for bodies of the amoeboid type called by Miss Goldstein 
X-bodies. The latter were readily foimd in every plant in which obvious 
symptoms developed, but were not found in hosts which did not take 
the disease. In the different hosts they presented minor differences of 
size, shape or apparent structure, but in all were sufficiently alike as to 
leave no doubt that they were in every case structures of the same 
nature. In one host, however, viz. Solanutn nodijlorum, they were 
exceptionally conspicuous in the cells of the leaf-hairs, and as in this 
plant the X-bodies ordinarily occur unaccompanied by those other 
abnormal inclusions (striate material, crystal plates or packets, and the 
like) which, in many hosts, e.g. tobacco, crowd the cells and complicate 
the picture, it seemed to offer an unusually favourable opportunity for 
their more detailed examination. In the following pages are recorded 
some of the results of this investigation. 

The virus of aucuba mosaic of tomato is closely akin to the classical 
virus of tobacco mosaic, from which it differs only in the greater brilliance 
of the symptoms it commonly produces (Henderson Smith (S)). In 
Solanum nodijlorum it causes a typical mosaic disease with the charac¬ 
teristic irregular mottling of the leaves (Plate XIII, fig. 1), which is 
readily transmitted by juice inoculation and in young actively growing 
plants regularly develops after a short incubation period of 5--12 days. 

In this plant the hairs of the leaf are two- to four-celled struc¬ 
tures, with rather rigid walls studded with numerous minute papillae 
(Plate XIII, fig. 2). They stand out stiffly from the epidermis, and along 
the margins of the leaf project in such a fashion and such numbers that 
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each individual hair can readily be examined under high powers of the 
microscope whiMi mounted simply in water or other suitable medium. 
The cells of the normal hair show nothing but the nucleus, the peripheral 
cytoplasm and a varying number of strands of streaming protoplasm, 
with occasionally a few crystals and perhaps a little granular or amor¬ 
phous matter of uncertain nature in the vacuole, which occupies the 
bulk of the cell. There are no chloroplasts. In the hairs of an infected 
leaf the cells contain in addition a large abnormal inclusion, the X-body 
(Plate XIV), which is never found in normal hairs, and has not been 
seen in the cells of any plant suffering from any pathological condition 
other than virus. There is often present also a large spike, wdiich usually 
lies in the long axis of the cell, as if it were suspended in it, and appears 
to be crystalline. It can sometimes be seen to be made up of a bunch 
of hair-like crystals, especially distinguishable at the ends and is some¬ 
times thicher in the middle, producing a slightly tapering appearance. 
There may be more than one such spike, and these may either be quite 
separate from one another or may approximate at one end so as to 
produce a radiating appearance (Plate XVI, fig. J). They have no 
connection witli the nucleus, and, although sometimes apparently re¬ 
lated to the X-l)ody, often are quite separate from it. Their appearance 
and position are often such as to suggest that they are crystalline forma¬ 
tions cither of or in cytoplasmic trabeculae. 

Typically the X-bodies are roughly spherical (Plates XIV, XV), and 
usually there is a tendency to a rounding of the contours, what(‘ver the 
shape. Often, however, they are quite irregular m outline and when in 
contact with the cell wall or septum are frequently flattened on that 
side. The smaller bodies, w^hile tending also to rounding, are more usually 
irregular than the larger, and may appear, especially wlien lying along 
the cell wall, as elongated lumpy masses or as thin and rather flat. Wlnm 
very small, it is difficult to feel certain that they are really small sizes 
of the larger bodies. The size varies considerably. The large spherical 
bodies may reach 30/a in diameter; th(‘ small may go down to or 
less in their larger diameter; in fiv(i adjacent epidermal cells they 
measured 124, 12*2, 10-3, 8*5 and 9*3/x respectively. Even the largi‘T 
bodies are partially translucent, and are tinted brown or pale yellow; 
the small bodies may show no colour, perhaps because there is not 
enough depth of substance to show it. In structure they are coarsely 
granular. In many cases, indeed, they look as if they were aggregations 
of smaller particles rather than truly homogeneous, and at the margins 
of the larger bodies, especially in fixed material, there may sometimes 
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be seen small projecting particles which confirm this impression (see 
Plate XIV, in the two terminal cells). But the appearance in this respect 
is not constant. Some bodies look much more homogeneous than others, 
i.e. are very finely granular. This is particularly well seen in the flat 
epidermal cells of the leaf, examined in the living state. There one may 
see in one cell a coarsely granular body, in which vacuolation can be 
made out, if at all, only with difficulty, and in an adjoining cell, whose* 
margins are contiguous with the first, the body may be very finely 
granular and homogeneous, with conspicuous vacuoles (Plate XV). In 
the hair-cells, in the fresh preparation, vacuoles are not conspicuous in 
tlie coarsely granular bodies but careful focussing usually shows that 
they are present in its substance: and in fixed preparations, especially 
when stained with methylene blue, the vacuolation is usually quite 
evident. There may be only one or two vacuoles, but the number varies, 
as many as nine have been counted in one body (Plate XVI, fig. 3). 
In the coarsely granular type there is usually no sign of a bounding wall 
or membrane. Sometimes, however, such a membrane or skin does 
seem to cover part of the surface, and in the more homogeneous forms 
the suggestion of a skin over the whole or the greater part of the surface 
may be very strong. No membrane has been seen in S, nodijloruw so 
definite as that figured by Goldstein in tobacco ((i). Fig. 3, p. 5(53). 

In most cases the body is found in close contact with the nucleus, 
sometimes alongside it, often more or less enveloping it, never incor¬ 
porated with it. In living cells the body has on more than one occasion 
been seen to impinge on the nucleus, producing in it a temporary inden¬ 
tation ; and both nucleus and body can frequently be seen to move within 
the cell and quite independently, sometimes drawing apart, sometimes 
approaching one another, the movements of both being similar and 
without any suggestion of being autonomous. In fixed preparations the 
relative positions depend on what happened to be the situation at the 
time of fixation, and in many instances tlie two are widely separate. 
There is, however, as will be explained later, a tendency for the body 
to be formed, and to remain, near the nucleus, and close juxtaposition 
is the rule. Within the cell the body may occupy any position, but is 
usually towards one or other end, most frequently the proximal end. 
It is not unusual to find in adjacent cells of the same hair two bodies 
lying one on each side of the same septum. Actual continuity of the 
bodies has not been demonstrable in such cases. Similar appearances in 
other plants have been taken as evidence that X-bodies are capable of 
passing through cell-walls (Liklute((>)), and it may be that this is possible; 
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but other interpretations may obviously be given and no instance of 
such passage has been observed in the living tissues. All the cells of a 
hair may contain one or more bodies, or only one or two of the cells. 
In the latter case, it is most usual to find them present in the cells nearest 
the base and absent in the more distal cells, but rare instances have been 
seen in which the basal cell had none and the more distal cells contained 
them. The largest bodies are found in the basal cell and the cell next 
to it, those in the more distal cells being smaller. Since the morbid 
agent must pass up the hair from the base towards the tip, this might 
be interpreted as due to the longer duration of infection in the basal 
cells, but it seems to be generally true that the larger the cell, the larger 
the body it may contain, and this is in agreement with the experience, 
of others {e.g. Kunkel in mosaic of maize(r)), Goldstein in mosaic of 
tobacco (1)). 

In S. nodijlorum X-bodies show a pronounced tendency, not re¬ 
corded for the similar bodies described in other plants, viz. a tendency 
to crystallisation. In large bodies this can often be clearly seen at the 
surfaces, where definite crystals project from the mass and are very 
visible at the margins (Plate XIII, fig. 3). But they are usually best 
seen in the elongated forms lying along the wall of the (;ell. There the 
mass can often be seen to be quite certainly partially crystallised, some¬ 
times as fully formed crystals, sometimes as semi-crystalline forms with 
faces and angles on part only of their surface, such as are frecjueiitl}' 
seen in crystallising protein. The tendency is accentuated in certain 
fixing solutions, e.g, crystallisation is mucdi more pronounced in matiu ial 
fixed in Bouin than in Carnoy; but it occurs in unfixed material and 
can be seen in cells where the continuance of protoplasmic streaming 
shows that the cell is still living. It is most evident in old leaves and 
in leaves in which infection has been of long duration. 

The X-bodies may occur in any part of the leaf, e.g. the palisade or 
the cubical parenchyma cell: they are sometimes beautifully seen in the 
epidermal cells lying along the veins on the under-surface (Text-tig. 1). 
The most satisfactory method of demonstrating them in fixed material 
is first to stain the nuclei red by Feulgen’s method, and then counter¬ 
stain with suitable dyes, such as methylene blue or aniline blue. The 
nucleus is thereby clearly differentiated from the body, even when 
partially embedded in it, and the vacuolation of the body is clearly 
brought out. As a rule they are present in largest numbers in tissues 
which are macroscopically chlorotic, but they are often to be seen in 
regions or even in leaves where there is no obvious chlorosis: in the 
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fern-leaf type of leaf in tomato, for example, they are conspicuous in 
the hairs (Plate XVI, fig. 4). In S. nodiflorum, in a leaf detached from 
the plant when it is beginning to show local signs of the disease, there 
may at first be no bodies present in the hairs of the yellow or any other 
part of the leaf, but later examinations of the same leaf (kept meantime 
with its petiole in water or nutrient solution) show the bodies appearing 
progressively in the hairs all round the leaf, not only in the yellow 
n^gions but in areas where there is no macroscopic evidence of disease. 
The relationship between symptoms and the development of X-bodies, 
however, requires, and will receive, further investigation. 

A number of cliemical and other tests have been made on these 
X-bodies in the attempt to get a clearer idea of their nature. These 



Text-fiy. I. X-bodioH in the epidcrmin above a vein; stained with Feidgen and methylene 
bine. The round or elongated unshaded b(Mlit*8 are the nuelei; the shaded va<*uolate 
bodu's are th<' \-bodies. 

have been carried out mostly on the hairs in situ on a portion of leaf, 
because of the ease with which the processes can be watched under the 
microscope. Unfortunately the cuticle of the hairs is highly impervious. 
Reagents of most kinds enter the cells only slowly, and one usually finds 
that penetration takes place very unequally in different hairs, and even 
in different cells of the same hair, and may take place more rapidly 
through the base of the hair than directly through its w^alls. In most 
cases the results have been confirmed by treatment of sectioned material, 
both of the hairs and other tissues. 

The X-bodies withstand boiling in distilled water for 20 minutes, 
and are not dissolved in alcohol of any strength, in acetone or in chloro¬ 
form (though in the last they sometimes appear to lose compactness). 
Heated in a platinum crucible till charred black, the hairs retain their 
outline perfectly, but the bodies disappear. In 2*5 n KOH or NaOH 
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solution, the bodies and the crystal spike dissolve rapidly, usually 
leaving no residue but occasionally a granular heap remains in the 
situation of the body. In stronger alkali, e.g, 5 disappearance may be 
extremely rapid, both in fresh and fixed (Oarnoy, Bouin) material. In 
strong sulphuric acid and concentrated hydrochloric acid, solution is also 
rapid; in 75 per cent. H(>], solution may take 15 to 20 minutes but is com¬ 
plete; in 50 per cent. HOI the bodies, even when partially crystallised, do 
not dissolve in 19hours at room temperature, nor do they dissolve in strong 
acetic acid. In sodium hypochlorite they dissolve rapidly. No digestion 
was obtained with taka-diastase, but probably penetration did not ocjcur. 

Millon's reaction. The bodies in fresh preparations turn brown to 
red-brown; after (-arnoy fixation they were definitely brick-red, the 
colour being deepest where the body is thickest; and in cells where the 
body had developed definite crystals these also turn red; after Bouin 
fixation, bodies and crystal forms are red. The colour is intensified and 
its development accelerated by warming. In no case did the bodies 
dissolv(5. In the similar bodies of xS. nigrum Millon gives a very pro¬ 
nounced red-brown colour. 

RaspaiVs reaction. The leaf portions were left in a concentrated 
solution of saccharose for 3 hours or more, the solution then drained 
off and the preparation mounted in strong sulphuric acid. In fresli 
preparations, the bodies dissolve quickly, turning bright red as they do 
so, and the red colour diffuses through the (^ejl from i lie body. After 
Oarnoy fixation, the body may remain undissolved for a quarter of an 
hour or more, turning bright red; on solution of the body tlie (‘olour 
remains localised. After Bouin fixation, no red colour was obtained, 
although solution was sometimes very slow. In sections of hairs, solu¬ 
tion was almost immediate and no red colour was observed; in sections 
of palisade tissue, a brown-red colour was got before solution. 

Biuret reaction. Fresh portions of leaf were placed for 3-4 hours in 
saturated solution of copper sulphate, washed well in distilled water, 
and mounted in 2-5 w KOH. The bodies turned rose-pink in a few 
minutes and then yellow. After about 15 minutes dancing parti(des 
appear in the ceD, the long crystal quickly disappears. Colourless, 
spherical, rather large droplets appear in the cell, which later become 
granular and are merged in the protoplasm which contracts from the 
walls. Then the body progressively breaks down into a mass of granules, 
which persist for some hours. After Carnoy fixation the whole body 
turns pink at once, and rapidly disappears. After Bouin fixation, it 
turns pink, and then yellow. 
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XanthoproteAc reaction. Tested on sections of palisade tissue, the body 
turns brown on addition of ammonia (not yellow). 

Prussian-blue reaction. The leaf portion was kept in the fcrrocyanide 
solution overnight, washed well in 60 per cent, alcohol, and then the 
ferric chloride added. Even after 2-3 hours, results are very irregular. 
In many hairs there is no staining at all, but in some the bodies arc 
deep blue. It is the same after Carnoy fixation; after Bouin fixation, 
most bodies are a strong blue colour. 

Cinnamic aldehyde. The preparations were left 48 hours in 1 or 5 per 
cent, solution in 60 per cent, alcohol, before the sulphuric acid was 
added. Bodies turn strong yellow with a tinge of red in both CWnoy 
and Bouin preparations; pale yellow in unfixed material. Anisaldehyde 
produced immediate reddening of the bodies. Salicylic aldehyde and 
vanillin gave no definite results, only a transitory colour developing. 
With these substances it is difficult to be certain that penetration occurs 
in the hairs. In sections of hairs, with strong sulphuric acid, vanillin 
produced a definite mauve-pink in the bodies; salicylic aldehyde gave 
no colour. 

In view of the fact that })otash starvation produces in the leaves of 
some plants a mottling not wholly unlike the mottle of mosaic, it was of 
interest to ascertain whether there was any indication of concentration 
of potassium in the X-bodies; and tests were made by the Molisch- 
Maccallum method (sodium cobalti-nitrite, followed by sulphide) on hairs 
that had been fixed in C^arnoy, The cyt^oplasm throughout showed many 
very small blac^k granules, and these were also present in the X-bodies 
in approximately tin* same proportion: the bodies did not as a whole 
turn black. It would seem, therefore, that potassium occurs equally in 
the (jytoplasm and the bodies. 

Iodine stains the bodies brown or yellowy not blue nor black. Shar- 
lach R and Sudan III produced no red colour in them, even when pene¬ 
tration had certainly occurred. With osmic acid, the bodies turned 
brown but not black even after 24 hours in 3 per cent, solution. With 
material fixed in potassium bichromate, chromic acid and 2 per cent, 
osmic acid for 48 hours, then thoroughly washed in running water for 
12 hours and, after repeated w^ashings in distilled water, kept in 2 per 
cent, osmic acid for a week at 30-35° C., the bodies were a dark brown 
but did not have the characteristic black colour of fatty material. 

When the living hair, mounted in water, is examined in polarised 
light, no pleochroism is observed in the cell walls, the crystal spike or 
the X-bodies. With crossed Nicols the cell walls and septa extinguish 
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on rotation, but neither the spike nor the bodies nor the crystals into 
which the body may have resolved appear distinctly at all. Sometimes 
a doubly refracting crystal is to be seen lying on the surface of the body, 
and sometimes one or two small crystals appear, embedded in the 
surface of the body. By ordinary light, the bodies, mounted unstained 
in Canada balsam or in xylol, are almost invisible; i.c. they have a 
refractive index of about 1-52. 

From these various reactions it is evident that the X-bodies, like 
the striate material and crystal packets investigated by Klebahn(i) in 
other hosts, ar(‘> proteid in nature. The fact, established by Holmes (S) 
in Hippeastrmti mosaic, that they contain mitochondria suggests that 
they are protoplasmic in nature; but no nuclear material has been de¬ 
monstrated ill them in >S. nodijloruni or in any other host. It is un¬ 
necessary here to recapitulate in detail the appearances which have led 
some observers to believe that they are independent living organisms. 
They are described in the papers by Kunkel{5), GoldsteiiKi, Likhite(O) 
and others; and are discussed by the present writer in a paper shortly 
to be published in Biological Reviews. In the hairs of 8. nodijlorum it 
has been found possible, by following up an observation made by Miss 
Sheflield in this laboratory, to watch in individual living cells the de¬ 
velopment of the X-body from its early beginnings to complete forma¬ 
tion^. It appears that soon after the virus enters the cell tiny jdastic 
particles appear in the circulating cytoplasm and are carried along in 
its stream. These particles gradually increase in size, and tend to pause 
in their course at the junctions or anastomoses of tin? cytoplasmic 
strands, before adaptation of the shape of the particles and adjustment 
of the strands allow them to proceed. During such a pause one particle 
may be joined by another, and when movement is resumed, the two 
may either separate or may go on as one united mass. In this way 
larger and larger masses are built up, until they c.an be recognised as 
undeniable X-bodies. There may be several such bodies in the one cell, 
arising independently and remaining distinct, or they may unite to form 
one single X-body. The composite bodies may again break apart into 
two or more smaller bodies, and in this way appearances are presented 
which might suggest fission; and not infrequently, when a smaller mass 
joins, or breaks away from, a larger one, appearances occur which 
simulate pseudopodia and have been so interpreted. There is, however, 
no division in the sense of multiplication, and the separated masses may 

^ A preliminary account of this work has already been published (Sheffield and Hender¬ 
son Smith (7)), and a more complete account will btj given later. 



J. Henderson Smith 


221 


again unite. The movement is always passive: there is no suggestion of 
autonomous movement. Both the nucleus and the body may continue 
to move similarly and independently of one another, even in cells which 
contain only one large X-body where the process of formation is 
apparently complete. 

This mode of formation accounts for the coarse granularity already 
described as frequently observed in the bodies of the hairs or epidermis. 
They are actually aggregates^ in their earlier stages, but when the aggre¬ 
gated particles have been in contact for a time, they seem to fuse 
together into a more homogeneous mass, in which vacuolation is distinct. 
It explains also tlie tendency of the bodies to be found in close associa¬ 
tion with the nucleus, because it is there that the cytoplasmic strands 
meet, and it is in such situations that the bodies tend to form. The 
nature of the small particles is still undetermined. They give the im¬ 
pression of being foci where the cytoplasm has condensed or consolidated; 
and, if so, their protein nature and mitochondrial content are intelli¬ 
gible. The body itself should be regarded as a product of the reaction 
])roduced in the cell cytoplasm, and it may be that each of the tiny 
particles is evidence of a local rea(d/ion to an ultra-micTOScopic particulate 
virus embedded in its substance. 

Grateful acknowledgment is made to Dr Margaret Madge for re- 
peat(‘d assistance, especially in the cutting of many sections, and the 
carrying-out on them of various chemical reactions; also to Miss M. M. 
Browne for tdu* skill and care given to the many plants used in this 
investigation. 

Summary. 

A desc'i’iption is given of the intracellular incluvsions found in S, nodi- 
florum after inoculation with the virus of the yellow (aucuba) mosaic of 
tomato. In this plant these inclusions are unusually conspicuous and can 
be observed in the living cell with exceptional ease. They are of two 
main types, crystalline spik(*s and amoeboid bodies, the latter corre¬ 
sponding to th(? X-bodies found in other plants. A detailed account is 
given of their appearancT, structure, position in the cells, relation to the 
nucleus etc. The X-bodies may be either coarsely granular, looking like 
aggregates of particles, or more homogeneous; and they have a pro¬ 
nounced tendency to crystallise into the forms commonly seen in protein 
crystals. They arc vacuolate, and occur in all the tissues of the leaf. 

^ When a portion of loaf containing well-formed bodies in every hair is mounted in 
distilled water and evaporation prevented, the bodies may break down again and dis¬ 
appear from the cells within 48 hours. 
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They give the usual tests for protein (Millon, Biuret, etc.) and are not 
of fatty nature. Their formation has been followed in individual living 
cells from the very early stages to their complete development. The 
mode of formation, viz. by the aggregation of small particles, which are 
carried in the protoplasmic streaming, is shown to account for the 
appearances which have led various observers to conclude that they are 
living organisms or parasites, a conclusion for which no evidence has 
been found in the present investigation. 
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DESCRIPTION OF PLATES XIH-XVI 

PLATE Xni. 

Fig. 1. Loaf of S. mdifiorum, inoculated with auouba mosaic. Length of loaf: 4 inchea. 
Fig. 2. Hair of 8. nodiftorum: normal. Camoy fixation; unstained: x 310. 

Fig. 3. Crystallising X*body in leaf-hair. Bouin fixation; unstained; x45(). Nucleus 
partly seen at left upper edge of mass of crystals. 

PLATE XIV. 

Hair showing X*bodios. Carnoy; unstained; x430. Note the granular appearance; and 
in the two terminal cells the projecting particles. In the third cell the nucleus is 
visible at the upper edge of the body. 

PLATE XV. 

Epidermis. Fixed in Carnoy; stained with Feulgen and methylene blue; x820. The 
small dark bodies are the nuclei, the larger bodies the X-bodies. Above the stoma is 
a cell where nucleus and X-body are not in juxtaposition. 

PLATE XVI. 

Fig. 1. Hair-cell showing two radiating crystal spikes. Fresh preparation, mounted in 
water; unstained. Nucleus visible at upper edge of body. 

Pig, 2. Section of palisade tissue. Camoy; Hoidenhain and anilin safranin. 

Fig, 3. X-body in epidermis of leaf. Camoy; Feulgen and methylene blue; x 1760. The 
smaller dark body is the nucleus. 

Fig. 4. Glandular hair from fem-leaf in tomato. Fresh preparation; unstained. Note the 
separation of nucleus and X-body in the cell next the base-cell, and th^ juxtaposition 
in the cell above. 
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1. Introduction. 

As knowledge of potato virus diseases accumulates, it becomes in¬ 
creasingly evident that there exist in the mosaic and crinkle group, if 
not many viruses, at least many strains possibly of the same virus of 
varying degrees of virulence, each of which possesses its own particular 
type of symptom and behaviour. For example, as the work of Salaman(i) 
has shown, there is no guarantee that the crinkle disease exhibited by 
one variety is the same kind of virus as the crinkle exhibited by another 
unless one plant has been infected from the other. The crinkle virus used 
in the experiments described in the ensuing paper was obtained from the 
potato variety Myatt’s Ashleaf, These plants had been under observation 
for two years in the insect-proof glasshouse at Cambridge and exhibited 
a marked crinkle. The virus of interveinal mosaic was obtained from the 
variety President kindly given to the writer by Dr R. N. Salaman. This 
Aon* Biol, xvn 15 
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plant, also, was one of a number of similar plants which had been grown 
for some seasons under the same insect-proof conditions. 

The difficulties in adequately describing a particular crinkle or mosaic 
disease of the potato are immense, and these difficulties are likely to 
increase with increasing knowledge so long as the potato virus worker 
is compelled to desc^ribe a specific disease by its symptoms alone. Not 
only is the symptom expression of the same virus different in different 
potato varieties, but the symptoms may vary according to the method 
of transmission. Again, it cannot be said with certainty that the virus 
itself is not altered, perhaps only temporarily, by varying methods of 
transmission, or by passage through certain potato varieties. 

The experiments described in this (‘communication fall into two sec¬ 
tions: the first describes the transmission of the viruses by different 
methods to several varieties of potatoes, while the second consists of a 
series of cross inoculations to the tobacco plant and Datum sp. and is 
complementary to the work already (‘carried out by the writer with 
a potato mosaic (2, :q. The aphis sp. used throughout the experiments was 
Myzus ])ersicae Sulz. which has proved itself the most efficient trans¬ 
mitter of potato viruses. The writer has pleasure in ackno^\le(lging ilie 
assistance given by Miss M. E. Sewell, during the progress of this 
work, 

2. Transmisstojs of the crinkle virus from Myatt’s Ashleaf to 

HEALTHY POTATOES OF DIFFERENT VARIETIES BY NEEDLE. 

The symptoms of (‘crinkle as portrayed by Myatt’s Ashl(*af consisit'd 
of a marked mottling of yellow or light green, and darker green together 
with considerable crinkling and distortion of the leaf margins (Plate 
XVII, fig. 1). The virus was transmitted by nutans of needle scratches 
into the leaves of a number of different potato varieties, the plants 
being inoculated in batches of three or six. 

President, Six experiments were carried out with this variety, in¬ 
volving a total of about 25 plants. Of these, two plants only showed 
symptoms after a period of 18 days. Instead of crinkle, howT'ver, mosaic 
mottling of a mild type developed. Some further experiments with this 
'‘mosaic” are described on p. 237. 

Arran Victory, The same experiments were performed with this 
variety with negative results, except in one case where one plant de¬ 
veloped crinkle in 9 days. The symptoms exhibited were of the same 
general type as were shown by the source of infection. 
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Big Ben, Uj)4o-Date, Negative results were obtained with these two 
varieties. 

Great Scot Four plants out of six of this variety developed crinkle, 
together with streak lesions 20 days after inoculation. The crinkle 
symptoms as portrayed by Great Scot differed from those of the source 
of infection. The leaves were of an unusually deep green, glassy with 
considerable yellowing of the veins, and some crinkhng and distortion. 
The streak symptoms consisted of large numbers of lesions scattered 
over the leaves, the leaf-drop type of streak did not develop or only to 
a very small extent. With continued growth of the plant these lesions 
tended to disappear. 

3. Transmission of the crinkle virus from Mvatt’s Ashleaf 

TO healthy potatoes of different varieties by the Aimis 

M. rKIiUlCAE, 

A large series of transmission experiments was carried out with the 
aphis M. persicae from crinkle Myatt’s Ashleaf to a number of different 
potato varieth^s. The aphides were first colonised on the crinkle Myatt's 
Ashleaf and then transferred in the usual way to sprouted half tubers 
planted under glass chimneys. Successful transmission was obtained 
only to th(‘ variety President after 20 days. Four President plants out 
of eight developed a crinkle, which was milder than that produced by 
grafting the same virus (see section 4) but more pronounced than that 
produced by needle inoculation with the same virus. The symptoms 
consiste<l of mottling accompanied by slight crinkling of the leaf surface. 
N(‘gativ(‘ results were obtained with the other varieties tested, i.e, 
Arran Victory, (Treat Scot and Kerr’s Pink. 

4. Transmission of the crinkle virus from Myatt’s Ashleaf to 
healthy potatoes of different varieties by oraftino. 

Scions of crinkled Myatt’s Ashleaf were grafted on four potato 
varieties as follows: 

President, In 23 days this variety developed a very severe type of 
crinkle with bold yellow and light green mottling and much distortion 
of the leaves. This disease was exactly comparable to that shown by 
the source of infection. 

Arran Victory, This variety developed a severe crinkle in periods of 
from 13 to 23 days, the leaves showed a well-marked mottle of yellow 
chiefly on the veins and a tendency of the outer edges to draw together 
underneath, so that an effect of puckering was produced. 
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Great Scot In 17 days there developed a fairly severe streak which 
tended to kill the growing points (Plate XIX, fig. 1). This streak seemed 
to bo more severe than that produced by needle inoculation (see section 2). 
There was also some mottling but little crinkling. 

Kerr\s Pink. A fairly strong mottle developed in Kerr’s Pink in 
19 to 28 days, followed some days later by the appearance of character¬ 
istic streak lesions. These remained in the form of large irregular spots 
and did not develop into the leaf-drop form, nor attack the growing 
points as was the case with Great Scot. 

5. Experimental transmission of the crinkle virus between 
l^OTATO and tobacco AND POTATO AND DaTUUA SP. 

[a) Needle imculation of tobacco with the crinkle virus 
from Myatt's Ashleaf 

The varieties of tobacco used in this work were White Burley and 
Virginia, and are the same varieties as those employed in the potato 
mosaic inoculations(2). Young seedlings were inoculated by needlt* 
scrat(di with the crinkle virus; in all about 50 plants of ea(‘.h variety 
were inoculated, symptoms developing in 5 to 10 days. The disease pro¬ 
duced in tobacco by the crinkle virus is symptomatically somewhat 
similar to that produced by needle inoculation with mild mosaic, but is 
undoubtedly more severe. The tendency to ring formation in tobacco 
is also present in this crinkle virus. Occasionally small rings and half 
rings have developed after inoculation with the crinkle virus, but the 
more common expression of symptoms is a marked mottle with sonu‘ 
necrotic spots and a tendency for the veins to stand out (Plate XVII, 
hg. 3). There is evidence to show that progressive needle inoculation 
of the crinkle virus through successive tobacco plants docs produce 
increase in virulence (Plate XVII, fig. 4), though the writer has not yet 
succeeded in bringing this virulence quite up to the pitch of severity 
developed with potato mosaic (:3), although this is probably only a matter 
of continuing the progressive inoculationb At the fourth or fifth suc¬ 
cessive inoculation it is often the case that the veins become yellow and 
ru'crotic, while the interveinal tissue appears raised above the level of 
ihe veins and rather shiny, giving the leaf a crinkled appearance; in 
such a plant the mottling is not very evident. Later, a very pronounced 
mottling together with necrotic lesions may develop, a complex of 

^ Further experiments have shown that a high degree of virulence can be obtained 
by progressive inoculation through tobacco. 
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symptoms which closely resembles that produced by a potato mosaic in 
tobacco after many progressive inoculations. 

(6) Return of the crinkle virus from tobacco to healthy potato 
of different varieties by needle. 

Nine varieties of healthy potatoes were inoculated by needle scratch 
with the virus from tobacco which had itself been infected by needle 
scratch from crinkled Myatt’s Ashleaf. The following potato varieties 
were used: 

(1) President. (6) Big Ben. 

(2) Arran Victory. (7) Kerr’s Pink. 

(3) Arran Chief. (8) Up-to~Date. 

(4) Great Scot. (9) Majestic (grown from true seed). 

(5) King Edward. 

(1) President. Twelve healthy President plants were inoculated in 
two series of six each. All twelve were infected, symptoms appearing 
after 14 and 16 days. Mottling in the form of large isolated pale spots 
appeared on the younger leaves; these rapidly developed into a con¬ 
dition of crinkle exactly similar to the crinkle produced by grafting 
healthy President with a scion of Myatt's Ashleaf crinkle. At the same 
time streak lesions appeared on the middle leaves, accompanied by the 
typical streaks on the veins and stem; this was soon followed by leaf- 
drop streak, which usually tirst appeared on the lowest leaves and spread 
rapidly upwards until only the topmost shoot was left alive, th(‘ re¬ 
mainder of t he leaves hanging down in the manner shown in Plate XVI11, 
hg, 3. 

Tt mis found that this severe crinkle and leaf-drop disease could be 
passed on to healthy potatoes by both needle and aphis (M. persicav) 
with the greatest ease, such inoculations by either method being positive 
in nearly 100 per cent, of the cases. 

(2) Arran Victory. Twelve plants inoculated, twelve infected, symp¬ 
toms appearing in 8 to 14 days. The same well-marked crinkle dev<‘loped 
as was shown by the Myatt’s Ashleaf plant from which the virus was 
originally taken, together with lesions and some leaf-drop streak, though 
Arran Victory was definitely more resistant to the leaf-drop element 
than was President. 

(3) Arran Chief. Six plants were inoculated and all six became 
infected, symptoms appearing in 13 days; the same severe crinkle 
developed followed by the leaf-drop streak. 
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(4) (heat Scot, Four plants inoculated, four infected, symptoms de¬ 
veloped in 8 days, consisting of a fairly distinct crinkle and leaf-drop 
streak as in the other varieties. 

(5) King Edward, Four plants inoculated, four infected, symptoms 
of leaf-drop streak appearing after 10 days. The usual mottling developed 
on the younger leaves, and this gradually increased into the crinkle form 
about IG days later. 

(G) Big Ben. Four plants inoculated, four infected, symptoms ap¬ 
peared in 8 days. This was by far the most susceptible variety, and the 
plant was killed in every case. The development of the disease w\as 
remarkably rapid and the symptoms consisted entirely of a virulent 
type of leaf-drop streak without crinkling or mottling. Tin* symptoms 
appear(*d mostly on the lower leaves first, in the form of numerous 
streak lesions, the leaves then turned yellow, slirivelh^d and rapidly 
died, remaining attached to the stem (Plate XVIll, fig. 2). The leaf-drop 
streak progressed steadily up the plant until finally it reaelit^d the top¬ 
most shoot which was killed in turn, thus bringing about the death of 
the })lant. This variety showed local symptoms on the inociilat(‘d l(»av('s, 
an unusual occurrence in potato viruses, large numbers of round streak 
lesions appearing after 8 days, particularly on those leaves which had 
been inoculated by rubbing (Plate XIX, fig. 2). 

(7) Kerr's Pink, Eight plants inoculated, eight infecttMl, symptoms 
developed in 14 days. This variety shows a crinkle which diff(‘rs som(‘- 
what from that portrayed by other varieties of potato. The sym}>- 
toms take the form of large yellow spots, chiefly at tin* leaf margins 
and often on a vein. There is also an indentation at the site of tl)e 
yellow spot, wdiich causes a distortion of the leaf margin and some; slight 
general crinkling may be present as well. Accompanying the crinkling 
are numbers of streak lesions on the leaves. The leaf-drop element is 
less pronounced in this variety and may be absent altogether. 

(8) Up-to-Date. Four plants inoculated, four infected, acute leaf- 
drop streak developed in 13 days. Tlie typical streak lesions appeared 
along the veins of the leaves, followed hy severe leaf-drop with total 
collapse and final death of the plant (Plato XIX, fig. 1). This is inter¬ 
esting in view of the fact that ITp-to-T)ate is well known as a “carrier'’ 
of the streak virus. Compare needle inoculations into this variety with 
the same crinkle virus which had not passed through tobacco (p. 225). 

(9) Majestic, Six plants of this variety derived from the true seed 
were inoculated. (Vinkle with severe stn^ak lesions which rapidly de- 
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veloped into the leaf-drop type, appeared in all six plants after 11 to 10 
days. 

(c) Return of the crinkle virus from tobacco to healthy potatoes by 
the aphis M. persicae. 

The aphides were colonised in the usual manner upon tobacco plants 
which had been needle-inoculated with the (jrinkle virus from Myatt’s 
Ashleaf, and which showed the type of disease illustrated in Plate XVII, 
3. They were then transferred to sprouted half tubers or young 
plants of President and Arran Victory, six of each. All six Presidents 
and five of the Arran Victory became infected after 18 to 21 days (Plate 
XIX, fig. 4). The plants exhibited the same symptoms as were pro¬ 
duced by needle inoculation from the same tobacco plants. This experi- 
nu'iit serves to emphasise the increased infective power of the crinkh* 
virus to tlie aphis after passage through tobac(50. The writer had be(u\ 
unable to infect tlie variety Arran Victory with the crinkle ))y means 
of M, persicae before the virus had been passed through th(‘ tobaccj) 
plant (se(» s(x*tion 3), but after this had been effected the apliis trans¬ 
mitted the virus to Arran Victory as well as President. 

{(1) Aphis inoculation of tobacco: (1) froyn crinkled Myatfs Ashleaf\ 

(2) from tobacco plants needle-inoculated with the crinkle virus from 

M If at t 's A sh leaf, 

(1) Kighteen t()))a(iCo seedlings, var. White Burley, were inoculated 
in tlire(‘ experinnuits of six plants each, with M, persicae from (U’inkle 
Myatt’s Ashleaf. In 10 to M days a disease developed symptomatically 
id(*ntu*al with the disease produced in tobacco by inoculation with 
M, persicae from mosaic; Arran Victory. This disease appeared first as 
a clearing of the veins of the younger leaves, followed by the develop¬ 
ment of the typical lines and spots of darker green accompanied by a 
faint mottle (Plate XVll, fig. 2). In no case was it possible to prodiu'C 
with the aphis the brilliant symptoms illustrated in l^late XVII, figs. 3, 4, 
which followed needle inoculation into tobacco from the same crinkle 
potato plant. 

(2) Twenty-four tobacco seedlings in four experiments of six were 
inoculated by means of M, persiem which had been colonised on a 
tobacco plant ne(‘<lle-inoculated from crinkle Myatt’s Ashleaf (Plate 
XVII, fig. 1). A disease of mottle and dark green lines developed, 
apparently identical to that described as a result of aphis transmission 
to tobacco from crinkle Myatt’s Ashleaf in the preceding paragrapli. 
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The percentage of infections in these latter experiments was slightly 
higher than in those described in the foregoing section. When this disease 
was returned to healthy President by aphis or needle, crinkle and leaf- 
drop streak resulted. (See Text-fig. 1.) 


(e) Return to healthy 'potato: (1) by aphis\ (2) by needle of the green lines 
disease induced in tobacco by aphis transmission from crinkle MyatVs 
AsKleaf 

(1) By aphis. Four separate experiments of three plants each, in¬ 
volving nine President and three Arran Victory, were carried out. All 
the nine President plants developed typical crinkle and leaf-drop streak 
in periods of 17 to 21 days, while two out of the three Arran Victory plants 
developed a severe crinkle but little streak. This is noteworthy, as the 
same aphis had failed to carry the crinkle virus direct to Arran Victory 
from Myatt’s Ashleaf, but would transmit it first to tobacco where it 
produced the faint green lines, pick it up from that plant and then 
infect Arran Victory and President. 

(2) By needle, A parallel series of experiments to those described in 
the preceding paragraph was carried out, but in this case the green-lines 
disease was returned to healthy potatoes by the needle. Three varieties 
were inoculated, i.e. President, Arran Victory and Majestic (from seed). 
All three varieties were infected, President and Majestic developed 
crinkle and leaf-drop streak, the Majestic showing large clear lesions in 
the leaves as well as the other symptoms. Arran Victory developed 
crinkle only. 


(/) Transmission of the crinkle virus between Datura stramonium 
and healthy potato by needle. 

Twelve plants of Datura stramonium were inoculated by needle 
scratch with the crinkle virus. First symptoms appeared in 10 to 12 days, 
consisting of a mottling on the younger leaves, which later developed 
into accumulations of dark green chlorophyll along the veins (Plate XX, 
fig. 2). The virus was then returned by needle scratch to healthy President 
plants, out of four plants inoculated three developed symptoms in 
14 days. These consisted of a mild mosaic mottling only; with further 
growth of the plants the symptoms entirely disappeared. In this case 
the Datura seems to have had an attenuating effect upon the virus; 
whether permanently or not has not been determined. 
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6. Some notes on interveinal mosaic. 

Interveinal mosaic, as exhibited by the variety President from which 
the virus used in these experiments was taken, consists of a well-marked 
mottle of very pale green between the veins of the leaf. The colour of 
the leaves themselves is of a much darker green than that usually found 
in healthy President potatoes; there is no crinkling or distortion of the 
leaves. 

(а) Transmission of interveinal mosaic to healthy jiotatoes 

by means of M. persicae. 

Six half tubers, variety President, and the same number of Arran 
Victory were infected with the aphis M, persicacy which had been fed 
on a President plant with interveinal mosaic. Symptoms of interveinal 
mosaic developed in 14 days in three of the President plants but the 
Arran Victory remained healthy. 

(б) Transmission of interveinal mosaic to heaUhy potatoes 

by the needle. 

It was found fairly easy to transmit the virus of interveinal mosaic 
by needle from a President plant affected with the disease to healthy 
President, other varieties not being used. Symptoms developed in 
11 days, appearing first as a close mottling on the younger leaves; the 
disease as finally portrayed was the same as that exhibited by the source 
of infection. 

(c) Transmission of interveinal mosaic to healthy potatoes 
by grafting. 

Six plants of healthy President, grafted with scions from plants of 
the same variety affected with interveinal mosaic, developed the normal 
disease similar to that shown by the source of infection in periods of 
14 to 21 days. 

Six plants of Arran Victory, grafted with scions from the same 
President affected with interveinal mosaic, developed symptoms in 
18 days. In this variety, however, there developed a large number of 
streak lesions on the leaves; later interveinal mottling appeared together 
with the dark green colour wdiich appears to be characteristic of the 
disease. The Arran Victory plants finally grew away from the streak 
lesions, no more of which developed, the interveinal mosaic as finally 
presented by Arran Victory resembling very closely that portrayed by 
President. 
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Three plants of healthy Great Scot, grafted with the same interveinal 
mosaic, showed symptoms in 17 days. As with Arran Victory, streak 
spots developed, but in Great Scot these were of a more severe character, 
taking the form of large clear lesions in the leaves, which later developed 
into a form of leaf-drop streak. 

[d) Transmission of the virus of interveinal mosaic between 
tobacco and potato by needle. 

Six White Burley and six Virginia seedlings were inoculated by 
needle scratch with the virus of President interveinal mosaic. Symptoms 
developed in 10 days, and consisted of a spot necrosis with some mottling 
on White Burley and the formation of small rings upon Virginia. In 
both varieties the symptoms were very similar to those produced in 
tobacco by needle inoculation with mild mosaic from Arran Victory (2). 
After passing the virus on through a few successive tobacco plants, clear 
double and treble concentric rings appeared on the needle scratches. 
Needle inoculation was then made from these tobacco plants bac^k into 
healthy potatoes, vars. President and Arran Victory. In 9 to 11 days all 
the plants developed a marked mosaic which, however, still retained 
its interveinal character and abnormally dark foliage. The symptoms 
were considerably brighter than those exhibited by the virus before its 
passage through tobacco. Later there developed two additional factors: 
in both Arran Victory and President large numbers of round streak 
lesions appeared on the younger leaves (Plate XX, fig. 3), while the 
leaves of the topmost shoots assumed a decided crinkling and distortion; 
ill other words, President was now affected with interveinal crinkh*, 
together with the concomitant streak lesions. These streak lesions did 
not appear in President with interveinal mosaic before passage of the 
virus through tobacco, though they did in Arran Victory, while the 
crinkling of the leaves appeared also only after passage through tobacco. 

The virus of interveinal mosaic, therefore, behaves in a similar 
manner to that of ordinary mild potato mosaic in its reactions after 
passage of the tobacco plant. The symptoms become brighter, infective 
power is increased, and symptoms of streak are developed, together 
with crinkling and distortion of the leaves. At the same time, in the 
present case, the symptoms retain their interveinal character and 
abnormal darkness of foliage. 

As the virus of interveinal mosaic is passed on through successive 
tobacco plants a marked increase in virulence develops. A number of 
healthy President plants were inoculated with the interveinal virus from 
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a tobacco plant showing this increased virulence. In 8 to 10 days a virulent 
streak developed; this appeared first as large numbers of very small 
lesions which gradually increased in size, coalesced and formed one large 
lesion, practically destroying the leaf. The interveinal mosaic was entirely 
subordinated to the streak and in some cases its presence could hardly 
be detected. It appears that the severity of this streak developing in 
the potato is directly correlated with the number of progressive inocula¬ 
tions through the tobacco plant. 

7. Discussion. 

The following points of interest arise from the foregoing study and 
merit special attention. Firstly, further evidence is offered of alteration 
in the nature of potato viruses of the mosaic group by passage through 
plants other than potato; secondly, it has been found that the symptom 
expression of a particular virus in its plant host may vary according 
to the method of infection of that plant host; and thirdly, the wide 
range of difference in the varietal reaction of potatoes to the same virus 
is emphasised. 

As regards the first point, the crinkle virus after passage of tobacco 
was found to cause a very severe crinkle and leaf-drop streak disease in 
every potato variety tested, whereas the same virus before passage of 
tobacco failed to infect some varieties, and caused crinkle either alone 
or with a milder type of streak in others. Outstanding was the reaction 
of the varieties President, Big Ben and Up-to-Date to the crinkle virus 
after passage of tobacco. Big Ben was the most susceptible, and was 
killed by leaf-drop streak in every case. President was also very sus¬ 
ceptible, though less so than Big Ben. The case of Up-to-Date is of 
interest, as this plant is well known as a carrier of streak, and inocula¬ 
tion of the crinkle virus before passage of tobacco had no effect upon it, 
but after the virus had been passed through four successive tobacco 
plants, the Up-to-Dates were killed by a leaf-drop streak comparable to 
that of Big Ben (Plate XIX, fig, 1). 

The aphis transmission of the crinkle virus direct to potato and to 
potato after being transmitted through tobacco by the same aphis, 
offers a parallel case to that of the needle. Although the symptoms 
developing in the aphis-infected tobacco were entirely different from 
those produced by the needle (Plate XVII, fig, 2), yet the effect of the 
virus from such tobacco upon healthy potatoes was equally disastrous. 
In the same way it was found that the aphis was able to infect certain 
potato varieties with crinkle and leaf-drop streak after the insect had 
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passed the virus through tobacco, when direct aphis transmission from 
crinkled potato to the same varieties had repeatedly failed. It has thus 
been proved that the tobacco plant will act as an almost symptomless 
carrier of severe crinkle and leaf-drop streak, when aphis-infected from 
a crinkled potato plant, and this fact may explain the rapid degenera¬ 
tion of certain potato varieties in tobacco-growing countries. The 
practical point arising from these facts seems to be the advisability of 
growing potato and tobacco crops as far apart as possible. 

The phenomenon of increased virulence was particularly well illus¬ 
trated by the experiments with interveinal mosaic. Passage of this virus 
by needle, once through tobacco and back to the same variety of potato, 
produced in that potato a disease which still retained its interveinal 
character, but was more of the nature of a crinkle than a mosaic and 
showed numerous streak lesions. The severity of the streak developing 
in the inoculated potatoes appeared to be directly proportional to the 
number of progressive inoculations through tobacco. In the last experi¬ 
ments the plants were practically killed by leaf-drop streak, and the 
interveinal mosaic was entirely suppressed. 

This increase in virulence of mosaic viruses appears to be closely 
connected with the elusive potato virus known as streak. The grafting 
experiments carried out in these studies with crinkle and interveinal 
mosaic showed that both viruses contained the streak element which 
developed only on certain varieties. Alternatively, it may be said that 
the symptom expression of the particular crinkle virus on certain 
varieties was in a streak-like form. It may be suggested then that 
passage of tobacco merely liberates in some way the streak virus which 
was already present, so that it attacks every potato variety inoculated. 
If this supposition be correct, then it follows that in the extensive 
experiments previously carried out by the writer (2) with a mild mosaic 
of potato upon tobacco, the disease of streak was latent in that virus 
also, and was liberated by passage of tobacco to attack the potato 
variety which had previously “carried'’ it, i.e. Arran Victory. 

From this frequent association of the streak virus with the mosaic 
group, it might be suggested that the disease streak does not exist as a 
separate entity, but is an integral part* of every mosaic or crinkle virus and 
can be brought to the fore under certain conditions. This theory, however, 
does not explain the increasing virulence of the potato mosaic virus to 
the tobacco plant itself which is induced by progressive inoculations. 
An alternative theory is that there are two streak diseases, one, the 
normal potato streak which may or may not be “carried” by the mosaic 
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or crinkle potato, and the other, an artificially produced streak developed 
by some change in the virus consequent upon passage through tobacco, 
which cannot be “carried” by any potato variety. If this be the case, 
it is one more illustration of the difficulties of diagnosis by symptoms, 
avS the streak appearing after passage of the crinkle or mosaic virus 
through tobacco is symptomatically identical with leaf-drop streak as 
it occurs normally on many varieties of potato. 

Another case in point is the effect on the crinkle virus of passage 
through Ddtura sp. Only one experiment was performed in this case, 
and for that reason is open to criticism, although the results seemed 
definite enough. Here, it may be recalled, the virus of crinkle caused a 
characteristic mottling on Datura, and inoculation of healthy potato from 
such a Datura produced only a mild mosaic mottling. Thus the Datura 
appears to have had the reverse effect to that of the tobacco, and to 
have reduced the virulence of the crinkle virus. It is possible, however, 
that this apparent reduction is only of a temporary nature. It may be 
of interest to recall in this connection that Datura, inoculated with 
potato mosaic which had been passed through many tobacco plants, 
reacted violently to the streak element there and developed large 
lesions (2). Again the question arises as to the exact cause of the curious 
ringspot disease which develops in tobacco after needle inoculation with 
several potato virus diseases. Are these rings due to the virus causing 
the visible symptoms or to a streak possibly latent within the plant? 
The writer has now produced in tobacco, three slightly differing types 
of ringspot by needle inoculation with the virus of mild mosaic (Arran 
Victory), of interveinal mosaic (President) and of crinkle (MyatPs 
Ashleaf). The whole tendency of these experiments seems to be to 
emphasise the close affinities existing in the potato viruses, mosaic 
crinkle and streak. The second point was the production of different 
symptoms by differing methods of transmission of the same virus. The 
outstanding examples of this are the comparative transmissions of 
crinkle and mosaic to tobacco by aphis and needle respectively. These 
examples, however, are open to the criticisms that the virus may have 
been changed somewhat by passage through the body of the insect, or 
that the aphis was separating out a virus complex. The case of com¬ 
parative transmissions of the crinkle virus to President by needle and 
grafting, respectively, would avoid this difficulty. Needle inoculation of 
the crinkle virus gave in one or two cases a mosaic only, while grafting 
gave a severe crinkle, both in the same variety of potato. That this 
needle-induced mosaic was one in symptoms only was proved by its 
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transfer to tobacco, where it gave identical symptoms to those produced 
by the original crinkle, virus, and when returned from the tobacco to 
President potato again, it gave crinkle and streak. It may well be, 
therefore, that many potato plants apparently exhibiting a mosaic are 
really affected with an attenuated crinkle. Thtis there appears to be 
some evidence that quantity of dose in the mosaic group of viruses 
governs to some extent the symptoms and degree of virulence of the 
consequent disease, although this seems inconsistent with some of the 
writer’s earlier experiments with the virulent virus on tobacco produced 
by progressive inoculations. In these experiments an infinitesimal 
quantity of virus produced a disease similar in all respects to that 
produced by a heavy dose of the same virus. The third point emphasised 
in these studies is the difference in varietal reaction exhibited by potato 
plants to the same virus quite apart from any transmission through 
tobacco. It has been seen that the reactions of Great Scot and Kerr’s 
Pink to the crinkle virus were to produce crinkle and streak lesions, 
and those of President and Arran Victory to produce crinkle only. 
This can be interpreted in two ways, either to look upon the streak 
in Great Scot and Kerr’s Pink as the normal presentation of this 
particular crinkle in these varieties, or to regard Kerr’s Pink and 
Great Scot as susceptible to the streak, and President and Arran Victory 
as “carriers.” In this last connection, careful observation has shown 
that in President the streak element was always rather near the surface, 
so to speak. For example, one plant, grafted with a scion of Myatt’s 
Ashleaf crinkle and which had developed the normal crinkle, showed 
numbers of streak lesions, some 3 months after the appearance of the 
crinkle, and when the plant was fully mature. Probably President 
infected with Myatt’s Ashleaf crinkle and grown under adverse condi¬ 
tions might develop streak without the previous passage of the virus 
through tobacco. In the same way interveinal mosaic from President 
produced streak as well as interveinal mosaic when the virus was trans¬ 
mitted to Arran Victory and Great Scot, but interveinal mosaic only on 
healthy President, unless the virus had been previously passed through 
tobacco, when a virulent streak developed on President also. 

It will be evident from these experiments how important a part 
streak plays in studies on potato virus diseases, and how urgent a matter 
it is that its nature and exact connection with the mosaic group should 
be determined. 
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8. SUMMABY, 

1. Experiments are described on the transmission by different 
methods of two potato viruses, crinlde on Myatt’s Ashleaf potato, and 
interveinal mosaic on President potato. 

2. The virus of potato crinkle was transmitted by needle scratch to 
President, Arran Victory and Great Scot potatoes. President developed 
a mosaic mottling, Arran Victory a crinkle similar to that shown by 
the source of infection, while Great Scot developed crinkle, together 
with numbers of streak lesions on the leaves. Negative results were 
obtained with Big Ben and Up-to-Date. 

3. Attempted transmission of the crinkle virus by means of the 
aphis M. persicae to potato varieties, President, Arran Victory, Great 
Scot and Kerr’s Pink, was successful only with President, which de¬ 
veloped a crinkle of a mild type. 

4. Crinkle scions were grafted on to healthy President, Arran Victory, 
Great Scot and Kerr’s Pink. The first two developed crinkle in a form 
comparable to the source of infection; Great Scot developed a severe 
streak which attacked the growing points; there was little or no crinkling; 
Kerr’s Pink showed streak lesions accompanied by mottling. 

6. Needle inoculation of tobacco with the crinkle virus produced a 
severe necrotic disease, which increased in virulence by progressive 
needle inoculation through tobacco. When this virus was returned to 
healthy potatoes of nine different varieties, including Up-to-Date which 
is capable of ‘‘carrying” streak, all nine varieties developed a severe 
crinkle and leaf-drop streak. Big Ben was the most susceptible and was 
killed in very case. 

6. Aphis (M, persime) inoculation of tobacco with the same crinkle 
virus produced different symptoms from those of the needle; these con¬ 
sisted of spots and faint green lines. When this virus was returned to 
healthy potato by aphis or needle, crinkle and leaf-drop streak resulted. 

7. Needle inoculation of Datura stramonium with the crinkle virus 
produced a well-marked mottling of light and darker green; when this 
disease was returned by needle to President potato, a mosaic mottling 
only resulted. 

8. The virus of interveinal mosaic on President potato was trans¬ 
mitted by M. persicae to healthy President; negative results were ob¬ 
tained with Arran Victory. 

9. The virus of interveinal mosaic was found to be transmissible 
by the needle to healthy President. 
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10. Interveinal mosaic was transmitted by grafting to President, 
Arran Victory and Great Scot. President showed interveinal mosaic 
only, Arran Victory showed interveinal mosaic together with numerous 
streak lesions, while Great Scot developed a form of leaf-drop streak. 

11. The virus of interveinal mosaic, when transmitted to tobacco by 
the needle, produced a well-marked ringspot. When this was returned 
to potato by needle, interveinal mosaic developed, with the addition of 
streak lesions and marked curling and distortion of the leaves. Pro¬ 
gressive inoculation through tobacco of the ringspot induced by inter¬ 
veinal mosaic gave an increased virulence. When this virulent virus 
was returned to healthy potato by needle, a severe form of streak 
resulted, which obscured the symptoms of interveinal mosaic. 
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EXPLANATION OF PLATES XVII—XX 

PLATE XVII. 

Fig. 1. Jx'aves of potato, Myati’s Ashloaf, showing crinkle; this was the source of in¬ 
fection used in the crinkle ex}>erimeuts. 

Fig. 2, Toba<cco, White Burley, inoculated by means of the aphis {Mf/zus j)erHicae) from 
crinkled Myatt’s Ashlcaf. Note the faint lines and spots of darker green; compare 
Fig. 3. 

Fig. 3. Tobacco, Whit© Burley, inoculated by the needle from crinkled Myatt's Ashleaf. 
Compare Fig. 2. 

Fig. 4. Tobac(M3, White Burley, showing the increase in virulence of the vims, induced 
by progressive necnUe inoculation. This is the fifth plant in the progressive series, the 
virus lieing taken from the plant shown in Fig. 3. 

PLATE XVIII. 

Fig. I, Potato, Big Ben, killed by a virulent strtmk induced by needle inoculation from 
the tobacco plant shown in Plato XVII, fig. 4. The potato illustrated was an exception¬ 
ally strong and well-grown plant prior to inoculation; symptoms developed 8 days 
after inoculation and the plant died with great rapidity. 

Fig. 2. Potato, Big Ben, needle-inoculated with the crinkle virus from tobacco. This 
illustrates the progressive nature of the loaf-drop streak; beginning with the lowest 
leaves the disease passes rapidly up the plant until the topmost shoot is destroyed. 
The leaves remain attached to the plant in the manner shown. 

Fig. 3. Potato, President, needle-inoculated with the crinkle vims from tobacco. The 
same leaf-drop streak of a progressive nature develops, but in this variety usually 
Amu BioL xvn 16 
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ihort of tlm topmoot wlddb oliowo ct marlcied orliilcle, boit li not IdQInSt 
Koto that the inoonlated leaf in the lower right-^hend oomer le not diseMed* 

4, Potato, President, aphis-inooulated (M. per 0 %e<te) with the oannlde vims from 
tobacco. The same leaf^^drop streah devek^ed as with the needle (Pig. 3) but appeaieed 
to be dower in its deTelopment. 

PLATE XIX. 

Fig. 1. Potato, Up-to-Bate, killed by leaf*drop streak resulting from needie-inoculation 
with the mnkle viras from tobacco. This potato variety, which is a well-known streak 
**earner,*' gave no reaction when inoculated with the same virus before passage of 
tobacco. 

Fig. 2. Leaf of potato. Big Ben, showing the development of local symptoms on the 
mooulated leaf 8 days after moculation with the onnkle vims from tobacco 

Fig. 3. Leaf of President potato, inoculated with the onnkle varus from tobacco, showing 
streaking of the veins 

Fig* 4 Leaves of President potato, inoculated with the onnkle virus from tobacco, 
showing the round streak lesions and destmotion of the leaf tissue 

PLATE XX. 

Fig. 1 Potato, Great Scot, grafted with a scion of cnnkled Hyatt's Ashleaf showing the 
type of streak which developed m this variety. Round streak lesions appeared m the 
leaves, and the growning points were killed. 

Fig 2 lieaf of Datura stramomufn, needle inoculated with the vinis from crinkled Hyatt's 
Ashleaf, showing the type of mottlmg which developed. 

Fig 3 leaf of President potato, needle inoculated with the vims of intervomal mosaic 
which had been passed once through tobacco Note the development of round streak 
lesions and that the disease has retained its mtervemal character. 

Photographs by 0 W Williamson 
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THE CHLOROTIC DISEASE OF THE HOP 

By Prof. E. S. SALMON and W. M. WARE, M.So. 
{Mycological Department^ South-Eastern Agricultural College^ Wye, Kent,) 

(With Plates XXI and XXII.) 

Historical and Descriptive. 

In June 1927 we received from a hop-grower, farming near Tenbury, 
Worcestershire, a hop plant of the variety Fuggles affected with a 
disease which was new to us. The grower wrote: ‘‘You will notice that 
the leaves are turned yellow. This has happened to the same plants on 
the same patch of ground every year for the last four or five years. The 
area affected is about one-eighth of an acre. The plants go like this 
about this time eacdi year. Tlien they seem to recover and at picking 
time you can see little or no difference between them and the other 
plants, except that they are weaker. The disease starts with three or 
four plants and gradually spreads—but does not seem to spread any 
further now than it did three years ago. I have seen no signs of it any¬ 
where else in my hop grounds. The soil round this patch is rather more 
sandy than the rest of the liop yard but the sand extends further than 
the disease. This year I gave the ground some potash, thinking it might 
have prevented it, but it has had no effect.” 

In September 1927 the grower sent tvro stems (bines) of a plant 
from the diseased patch and wrote: These bines in June were in exactly 
the same state as those 1 then sent to you. You will notice how they 
have recovered their colour, making fresh shoots and producing quite 
a few nice hops at the top of the string. Of course they are a good deal 
weaker than the rest of the hop yard. I propose to grub the whole of 
the affected patch and replant it. The disease docs not seem to spread 
at all rapidly but certainly a few more stocks are infected this year than 
there were last year.” 

The plants sent to us in June 1927 consisted of five stems (bines) 
10 ft. to 12 ft. high, of medium thickness. The growing tips of the bines 
presented no unusual appearance, but all the leaves, from the lowest 
upwards, showed a puckered growth which was most commonly in the 
baaal two-thirds of the lamina, the apical one-third being sometimes 
unaffected. The puckered part was yellow or chlorotic. On some of the 
leaves the upper surface had become domed to such an extent as to 
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form an inverted keel at the tip of the leaf. The margins of the leaves 
were imperfect and irregular. 

During the winter of 1927-8 all the stocks that were affected— 
21 in number—were grubbed, and fresh plants of the Fuggles variety 
were replant(‘d in their places in the following spring. In May 1929 the 
grower wrote, regarding the latter: ‘‘...now when the hops are getting 
up the strings, nearly all the roots which we planted last year in the 
place of those grubbed up are affected by the same variegated disease. 
This would seem to sliow that the disease has remained in the ground.” 
These plants were also grubbed up, and in a letter written in October 
1929 the grower stated that it was his intention to plant up again to 
ascertain whether the fallow through the summer had cleared the ground. 

During the summer of 1929 an extension of the affected area on the 
same farm was noticed and in July the grower wrote: “I have marked 
about 200 stocks which have the variegated disease. They are mostly 
in Fuggles, a few in Mathons, none in Bramlings. They are generally 
found two or three near each other. I propose to grub them all this 
autumn.” 

The grower has kindly supplied the following information as to the 
source of the first-affected Fuggles and as to the effect of the disease, 
whether fatal or not. The Fuggles hops were planted in the year 1918, 
the roots having been bought from a grower at Wateringbury, Kent. 
“I think it was in 1924 that I first noticed something wrong with them. 
The bine of the variegatefl stocks is very weak and rarely gets more 
than two-tliirds up the strings; sometimes it will mak<» a sort of fresh 
shoot and b(^ar a few hops but no quantity or size to be worth pi(‘king. 
1 do not think the cones are distorted in shape but they are always very 
small. I think, if left, the disea.se would kill the hill. I have seen them 
so nearly gone as to be in my opinion past recovery but und(‘r these 
circumstances have always grubbed them. I have not seen the disease 
in any other locality.” 

In October 1927 the growler sent roots of affected plants to Wye 
and these have provided the material for the experiments described 
later. The following description of the disease is based on observations 
made on the same plants when growing in pots or in the Experimental 
Hop Garden at Wye. 

In a plant which has already made growth and has started to climb, 
some or all of the primary leaves exhibit on the lamina areas of pale 
yellow or pale greenish yellow. When the leaf is viewed against the light 
of the sky the colour of the affected parts is primrose yellow. On an 
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otherwise normal leaf the chlorosis appears most commonly near the 
extreme edge of the basal lobes of the cordate lamina, but in a leaf 
which is more diseased the yellow colour extends in a narrow band close 
beside the veins, sometimes widening to eliminate any intermediate 
strip of green, and so forming a completely yellow^ area between the 
veins. The abnormal coloration may cover only a small part of the 
lamina or it may be intermixed with the ordinary green colour in an 
almost equal proportion; again it may invade practicjally tli(‘ whole 
lamina, leaving only the extreme tip of the lobes with healthy colour. 
The extent of attack seems to be determined at an (^arly stage of de¬ 
velopment of the leaf, and instances have not been observed in which 
the chlorosis has spread in a fully expanded lamina. 

When the yellow colour occurs near the margin of the leaf, it is 
commonly associated with exc(*ssivc serration or with complete absence 
of serration. Occasionally the serrations remain green and then turn 
upwards in th(‘ form of a fringe. Leaves having large chlorotic areas are 
very commonly distorted, the green parts continuing growth and de- 
v(‘lof)ing into domed or bulbous parts and those affected with chlorosis 
remaining only partly expanded and restricting tlu' even development 
of th(» entire lamina. Lack of growth at the chlorotic margin serves to 
incr(*ase the distortion, and parti-coloured leaves, closely down-curled, 
are a frequent, though not constant, feature of the disease. 

In the few examples grown in the open at Wye, the bine was thin 
and weak but was neveithcless able to produce a small crop of hops. 
Lateral shoots, which develop in the normal way in the axils of the 
primary leaves, may bear healthy or diseased leaves. The fact that the 
primary leaves on the higher part of the bine, together with the leaves 
of the laterals, art', often healthy accounts for the impression mentioned 
by the grower that the plant is able to "‘grow out” of the disease, in 
the case of ten afi(*cied plants grown in pots in a cold glasshouse during 
1928, the bines were very vigorous and strong. After lateral shoots had 
growui out, tlie primary leaves, which were nearly all chlorotic, matured 
early and fell off. The foliage of all the laterals in these ten cases was 
healthy. 

Microscopical examination of hand sections of chlorotic leaves shows 
a great reduction in the number of chloroplasts in the cells of the yellow 
parts of the lamina. These parts are also thinner^ than the green parts 

* The transverse section of the leaf measured 72fi~85/i in the clilorotic areas, and 
150ft-200/i in the healthy. Palisade cells in the chlorotic areas were only 24/i long as 
compared with 60^ in the healthy parts of the same leaf. 
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on account of there being fewer cell layers (five cells as compared with 
seven) and smaller cells. 

Experimental. 

Investigations were cjirried out at Wye during 1928 and 1929 on 
the transmission of the disease. 

1928. (a) B'iMing. 

On April 15th a bud was taken from a chlorotic plant and in¬ 
serted into the stem of a pot-plant of the vari(‘ty Fuggles (Ref. no. 
Ingh'by C., W. 75). The plant used as stock had only one h’mv which 
was fasciated near the tip. A length of 20 cm. was cut off, leaving the 
stem 38 cm. long with live nodes, the cut being made just above the 
fifth node. At this node one leaf and the bud in its axil was removed 
by cutting away a shallow strip of the stem about an inch long. The 
diameter of the internode was only 4 mm. A piece of stem bearing a 
chlorotic leaf with a bud in its axil was cut to fit the wound made and 
was bound in place by indiarubber tape. On May 5th the insisted bud 
had formed a shoot 1 inch long and the opposite bud had develop(»d 
into a lateral 271 long. At the 3rd and 4th nodes the laterals 

were removed in order to encourage the growth of those at the n()d(* 
above. At the 2nd node from the ground, however, the laterals w^erc 
allowed to grow. 

No further increase in length was made by the inserted slioot and 
no chlorosis appeared in its leaves or in those of the stock plant. 

In 1929 the plant of Fuggles which had been budded showed un¬ 
mistakable signs of the disease. On April IGth a dwarf shoot only 
1 inch high, with two leaves, showed symptoms of chlorosis; a longer 
stem (about 30 inches high) on the same plant was healthy. On April 27th 
the long stem began to show symptoms; at that date it was 33 inches 
high witli seven pairs of leavCvS. Of these the three upper pairs w(^r(' 
yellow-streaked. Another short stem, 8 inches high, had four pairs of 
healthy leaves. On May 10th the dwarf shoot suddenly shrivelled and 
died when it had reached a length of 1| inches. 

On May 16th the two stems of this plant measured 7 ft. 3 in. and 
3 ft. respectively. On the longer there were fifteen nodes, the leaves 
of the lowest four of which w^ere unaffected; at the 5th, 6th and 7th 
nodes the laminae were streaked with yellow and contorted; at the 8th 
(Plate XXI, fig. 1), the basal lobes and centre of the middle lobe of 
both leaves were yellow and the laminae were contorted. At the 9th 
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(Plate XXI, fig. 2) the basal lobes were reduced and the laminae were 
much curved and yellow. At the 10th (Plate XXII, fig. 1) both leaves 
were smaller and showed similar symptoms. At the 11th (Plate XXII, 
fig. 2) the leaves were small and much affected. They differed from the 
other diseased leaves in that the growth of the healthy parts of the 
lamina induced a concavity to appear in the dorsal surface in place of 
the more usual convexity or dome (Plate XXI, figs. 1, 2). At the 12th, 
Pith and 14th nodes the leaves were all similarly affected; at the 15th 
they were only just projecting from the covering stipules. On the second 
stem there were eleven nodes, of which the lowest four showed no disease 
symptoms. At the 5th to the 8th, chlorosis appeared in varying degree; 
at the Dth, 10th and llth the laminae were young and unaffected. The 
primary leaves on both the bines matured early and dropped off, the 
chlorotic areas turning brown before the green areas. Latevals up to 
2 ft. () in. in length grew out and some of their leaves showed signs of 
the disease. Both stems were able to bear a few small cones. 

1928. (6) Gnfftwg, 

Ten elilorotic plants in large pots grown from roots supplied in the 
previous year were graft(‘d^ ^\ith fourteen scions of the varieties 
Fuggles(4), Rodinersluim (Jol<ling(9) and Tutsharn(l). With on(‘excep¬ 
tion (a scion of Uodniershain (folding which died) all the scions grew 
strongly and remained lu'althy throughout the season. 

1929. (a) Graftm(j, 

1. Two scions of the variety Fuggles were grafted in 1929 on each of 
thretj chlorotic plants which had been planted out in the Fx})erimental 
Hop Garden at Wye, two (Ref. nos. V. 90, V. 97) in November 1927 and 
one (Ref. no. AA. 1) in November 1928. Of the first two scions^, one 
was d(*stroyed by accident and the other grew to a height of 0 feet 
without showing any disease and bore a few normal hop cones. Of 
the second pair of scions^, one died and the other reached a height of 
6 feet and remained healthy, bearing a few small cones. Of the third 
pair^ one scion grew to 4i feet in height and remained healthy, but the 
other, grafted on May 13th, showed chlorosis on several leaves on 

^ Tho method of grafting employed was that dosrrilK^d in this Jocrnal, xvi, 359, 1929. 

• The scions (Ref, no. R. 3, h. 4) were obtained from a plant growing in a commcruial 
Jiop garden near Wye; the stock was Ref. no. A A. 4, 

® Ref. no. R. 1, h. 2, from the same commercial garden; on stock Ref. no. V 96. 

* Ref. no. R. 1/44 a from the E^xperimorital Hop Garden, Wye, on stock Ref. no. V. 97. 
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July 29tli when at a height of 6 ft. 6 in. with eighteen nodes. It never 
grew more than this. The 8th to 16th nodes bore leaves all having 
symptoms varying from the least to the most chlorotic, accompanied by 
contortion. At the 16th, 17th and 18th nodes the leaves were small and 
abnormal with large stipules. Laterals up to 4 inches long developed 
from six of the nodes and all showed some symptoms of the disease. 
By September 24th, the healthy scion had produced a few cones but 
the inflorescences of the infected scion remained as hard, knob-hke 
organs and failed to develop further. All three plants used as stocks in 
the above experiments showed the disease, but were all able to produce 
hops on their rather weak bines which reached from 10 to 12 feet in 
height. 

2. The reverse method of grafting was carried out on May 3rd, 1929, 
when six scions obtained from chlorotic plants were grafted on four 
healthy plants of the variety Fuggles. The scions, with one exception 
which died after 2 months, grew and persisted throughout the season. 
They reached heights varying from 7 inches to 4J feet and, though 
some of the lower leaves showed evident chlorosis, the disease did not 
continue to become apparent in the later-produced leaves higher up the 
stems. 

No chlorosis was transmitted to the stock plants during 1929 by 
this grafting and they, together with those which were budded (sec (b) 
below), will be kept under observation during 1930. 

1929. (6) Budding. 

Fourteen chlorotic buds were inserted into the bines of fourteen 
healthy plants of the varieties Mid-Kuropcan Golding (7), Fuggles (6), and 
a New Seedling Hop plant (Ref. no. OK. 50) (1), growing in the Experi¬ 
mental Hop Garden at Wye. No positive results were obtained during 
the season of 1929. 


1929. (c) Rubbing with juice from crushed leaves. 

Chlorotic leaves were crushed in a mortar and the juice was used to 
rub on the surface of two leaves on each of four healthy plants of the 
variety Mid-European Golding growing in the Experimental Garden at 
Wye. No positive results were obtained during the season of 1929. 
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General considerations. 

The disease described above evidently belongs to the virus class. It 
would appear that three virus diseases of the hop exist in this country. 
The chlorotic disease resembles in some features the nettlehead disease^ 
(which attacks the Fuggles variety) both because apparently it spreads 
from plant to plant only slowly, and also because it does not kill the 
plant, at any rate for some seasons, but allows it to grow weak bines 
on which cones are produced. The mosaic disease^, on the other hand, 
spreads very rapidly, usually kills the plant in one or two seasons, and 
is not found in the variety Fuggles. 

Summary. 

1. A description is given of a new virus disease of the hop charac¬ 
terised by weakness of growth and by the presence of yellowish (chlorotic) 
markings on the leaves, accompanied by distortion of the lamina. The 
name ‘‘chlorotic disease/^ is proposed, 

2. Two instances are recorded where the disease has been trans¬ 
mitted artificially, in one to a healthy plant by budding with a 
diseased bud, and in the other to a healthy scion by grafting it on to 
a diseased stock. 

EXPLANATION OF PLATES XXI AND XXII 

PLATE XXI. 

Fig. 1. The chlorotic disease of the hop. The light coloured parts of the leaf are lacking 
in chloroplosts. Chlorosis at the margins has caused restriction of growlh and con¬ 
sequent curvature of the lamina. Occasionally, as shown here, the distortion takes 
the shape of a narrow, inverted keeL The photograph, taken on May 16th, 1929, 
shows the pair of leaves at the 8th node from the ground on a bine of a hop plant 
(variety Fuggles) whi<^h was budded one year previously, when healthy, \iith a single 
loaf and bud taken from a ehlorotic plant of the same variety. (Nat. siae.) 

Fig. 2. The loaves at the next node above on the same plant (node 9). (Nat. size.) 

PLATE XXII. 

Figs. 1 and 2. The leaves at the next nodes above on the same plant (nodes 10 and 11). 
(Nat. size.) 

^ Grafting experiments carried out in 1929 have shown that Nettlehead is trans¬ 
missible. Details of the work will be published later. 

* The literature concerning mosaic disease has been quoted in tliis Journal, xvi, 
381 (1929). 


{Received November Isi, 1929.) 
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STREAK—A VIRUS DISEASE OE TOMATOES 

By BHYLLIS II. JAllRETT, M.Sc. 

{From tfie Department of Mycology, Rothamsled Experimental Station, 

llarpenden, Herts.) 

(With 2 Diagrams in the Text.) 

Introduction. 

Streak disease of tomatoes has for majiy years been reec>gnised as one 
of the most severe diseases to which this plant is susceptible. The litera¬ 
ture contains, under various names, lengthy descriptions of symptoms 
of diseases apparently identical with streak. The terms stripe, black 
stripe, winter blight, severe mosaic, and probably spotted wilt, all appear 
to have reference to this same disease. 

Tomato streak occurs fr(M|uently in commercial glasshous(‘8 in tin*, 
south of England, where tomatoes are forced for an early market. It 
agn'es in its symptoms with the d(^scription given by Vanterpool(t»>), 
Gardner and Kendrick (7), Brittlebank(r)), and others, and is jnobably 
identical with tomato stripe (Bewley(2)). Many tomato plants attacked 
by this disease show leaf mosaic symptoms only ; others show, in addition 
to mosaic, large necrotic areas on the leaves accompanied by longi¬ 
tudinal, dark, necrotic lesions on the stems and petioles, whilst on otlnu' 
plants similar necrotic areas may be found without any mosaic being 
present. Ererj uently, however, a plant, which at first show^s mosaic only 
or necTosis only, subse(|uently develops the other type of symptom also. 

The evidence for the statement that this disease is either bacterial 
or malnutritional in origin is inconclusive, and it is now" generally re¬ 
cognised to be a virus disease. However, there seems to be little agree¬ 
ment among investigators as to the identity of the virus causing streak. 
No less than three theories are supported: (a) that this disease is due 
to the virus of tomato or tobacco mosaic—tobacco virus I (Johnson(U)), 
which under certain environmental conditions takes on increased viru¬ 
lence and causes necrosis in addition to mosaic; (6) that two components 
are concerned in the virus of streak, one producing the mosaic, and the 
other, the necrotic streaks (cf. Bbning(4)); (c) that streak is the result 
of a mixed infection by the viruses of tobacco mosaic, and potato mosaic 
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(cf. Dickson ((>) and Vanterpool(i3)). The disease resulting from the com¬ 
bination of the two latter viruses is admittedly indistinguishable from 
glasshouse streak, and is termed “experimental streak” in the work to 
be described. 

Blood (3) claims to have produced a streak disease in tomatoes by 
inoculation with “ a disturbing principle from apparently healthy potatoes 
in combination with tomato mosaic virus.” However, in view of tlie 
failure of Henderson Smith{‘.») in tomato and of Kenneth Smith (12) in 
tobacco to produce', any disease by inocula from absolute'ly healthy 
potatoes, it is probable' that the potatoes employeel by Blooel containe',el 
a mosaic which was masked. 

Berkeltjy(J), on the' otlier hand, states that “it is not necessary to 
liave a combination of viruse's in oreler te) produe^e stre^ak, sin(*e the juice 
of healthy potatoes in itse'lf is suffie*ie'nt for tliis purpose.” However, 
in Ihis conclusion, this we)rker appears to liave ex)nfuse'd with stre'ak the 
disease which is proelneted in tomatoes by the juice of ap})are'ntly he'althy 
potatoe'S (Johnson(lu)) or of potatoes infected with mosaic (He'iiderson 
Smith p)). 

KxPKUrMnNTAL. 

This pape'r is cenie’crne'el with a ceunparison of glasshouse streak and 
e'xperimental stre'ak. The seiure'e* of glassheuise streak was a e'-ennrne'rcial 
glassheiusc in which the ine*idema' and spreael eif the dis(\ase among 
tomato plants was wfitched during several months. Separate samples 
were taken from plants sliowing the thre'o fe>rms of the elisease, viz. 
tliose* showing meisaie; only, those showing n('cre)sis only, anel those 
showing mosaic and ne>ci*e)sis on the same plant. The virus of tobacco 
meisaic tobacco virus I(ii) w^as furnislu'd by Dr Grainger of ia'cels 
University, who obtained it from Dr Johnson of Wisconsin. The virus 
e>f potato mosaic was derive'd by Dr Henderson Smith from meisaic 
Up-to-Date potatoes, the leaves of wdiich wdien inoculated into tomato 
produced a (diaracteristic disease(S). 

Methods. 

Preparation of plant extracts. In all cases this was done by griinling 
the minced leaves of diseas('d plants with water in a mortar, 3 c.c. of 
water being added for each gram of leaf tissue. For immediate trans¬ 
mission of a disease from one series of plants to another, inoculation 
was made with this pulp, but when a stock of sterile infective juice was 
required, the method of filtration described by Henderson Smith (8) was 
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adopted. The filter cylinder used preparatory to the Pasteur Chamberland 
filters was composed of alternate layers of sand and macerated ashless 
filter paper tightly packed. The final dilution of plant juice in water 
was not greater than 1 in 9 in the case of tomato, and 1 in 5 or 6 for 
tobacco extracts. To prevent evaporation, paraffin wax was added to 
the cotton wool plugs of the tubes containing the extracts, and in this 
way a bacteriologically sterile stock can be kept indefinitely. 

Methodn of inoculation. Inoculations were usually made by pricking 
about forty times with a needle, tlirce or four of the young(\st leaves of 
a young vigorously growing, healthy plant. For this purpose the leaf 
was placed in the inoculum lying on the flat wooden label to be used 
for that particular plant. In some cases, the plants were inoculated at 
the base of the stern below the first leaves, by three or four longitudinal 
incisions in the succulent stem, and into these incisions the extract was 
inserted. Both methods gave positive results with equal regularity, 
although the incubation period following inoculation by the second 
method was invariably at least one day longer. 

AVhen individual plants were inoculated with two viruses, as, for 
example, in the production of experimental streak, either equal volumes 
of the extracts containing each different virus were mixed together and 
used as one, or both extracts were inoculated separately into two leaves. 
These methods were equally effective. 

Precautions were taken to protect the experimental plants from 
secondary infection. 


Details of expekiments. 

The first experiment was carried out with the oiiginal diseased 
tomato plants from the commercial glasshouse. From the difference in 
appearance of the two types of symptoms (the coarse mottle or mosaic 
and the necrosis of the leaves and stems) streak, as has been mentioned 
above, has been regarded as being due to two factors. This experiment 
was designed to show whether this distinction of symptoms remained 
constant, and to ascertain the effect of filtration on the infectivity of 
the inoculum. To this end, filtered and unfiltered extracts of plants 
showing each type of symptom independently, and of plants showing 
both forms together were inoculated into tomato plants (variety Kondine 
Red) and tobacco plants (variety White Burley), seven plants being 
used in each series. As a control, the original plants (two in each case) 
were grown in the experimental glasshouse, and in addition two cuttings 
were made from each of them. One of the two plants showing mosaic 
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only developed in course of time necrotic spots on the upper leaves and 
typical lesions on the stem, while the leaves from both of its cuttings 
developed large necrotic areas. Both the cuttings and also the new 
apical and lateral shoots on both plants formerly showing streak only 
developed conspicuous mosaic symptoms. 

Table 1. 

Tomato. Tobacco. 

Symptoms produced Symptoms produced 

Mosaic Mosaic and Mosaic Mosaic and 

Inoculum only stn^ak only streak 

Mosaic only; Filtered 5 2 2 6 (1 killed) 

Unliliered tt 1 2 5 

Streak only: Filtered 7 0 3 4 (I killed) 

(bifiltcred 5 2 2 6 (2 killed) 

Mosaic and streak: F'iltm’od d 1 3 4 (1 killed) 

Until tored 4 3 4 3 

The results given in Table I show that, judged by the symptoms 
produced on sub-inoculation, no difference could be detected between 
the different inoeula. Glasshouse streak, no matter how virulent it 
app(\ared to be in the inoculum, did not produce pure streak (ue, 
necrotic) symptoms when inoculated into healthy plants, nor does pure 
mosaic in the inoculum mean that streak may not result on sub¬ 
inoculation. Moreover, filtration through Pasteur Chamberland L. 1 and 
L. 3 candles does not reduce the infectivity of the disease. 

Resistance to heat and alcohoh It was thought that the mosaic and 
llie streak factors, if these be distinct, might be differentiated l)y their 
reactions to various degrees of heat and alcohol. Accordingly, filtered 
extracts from single tomato plants showing both coarse mosaic and 
str(*ak on the one plant were (1) heated for 10 minutes at 60', 70'\ 80°, 
80' and 00° V. and immediately afterwards cooled under running water, 
and (2) treated for 1 hour at concentrations of 60, 70, 80 and 90 per cent, 
alcohol. The precipitate formed by the action of the alcohol on the plant 
juice was separated from the supernatant liquid by centrifuging, and 
tluui sliaken up in distilled water, making the final volume up to the 
original volume of plant juice. Subsequent inoculations showT‘d that 
the precij)itate contained the virus, and the supernatant liquid did not. 

The virus was inactivated by 90° C. for 10 minutes, but retained its 
virulence at 85° 0., and also after treatment with 90 per cent, alcohol 
for 1 hour. This experiment was repeated with extract from tobacco 
inoculated with glasshouse streak with essentially the same results. 



252 


Streak—A Virus Disease of Toumtoes 


Although the proportion of streaked plants was low, mosaic and streak 
symptoms appeared with equal regularity over the same range of heat 
and alcohol concentration. 


Table 11. 

{a) Effect of heal on the infectimty of ghmhonse sfreaL 


Inoculum 

10 mins, 
at. 

No. of 
plants 

No. 

positive 

Symptoms 

Glasshouse strevik sliow- 

fitr C. 

7 

7 

0 mosaic only, 1 mosaic and streak 

iiipj both mosaic and 

70 

7 

7 

t 8 

streak 

80 

7 

7 

r> 2 


8r> 

7 

7 

r> „ 2 


9t) 

7 

0 

Nil 

(ft) Effect of alcohol 

on the infectimty of glasshoikse streak. 

Inoculum 

Alcohol 

strength 

o 

/O 

No. of 
plants 

No. 

positive 

Symptoms 

Glasshouse st reak show- 

00 

7 

7 

5 mosaic only, 2 mosaic ami streak 

infj both mosaic a?id 

70 

7 

7 

4 8 

stn^ak 

80 

7 

7 

8 „ 2 


00 

7 

7 

0 1 

Control untreatc'd 

— 

7 

7 

r» 2 


Excessive nitrog(*n niaimring and forcing of young plants is reporl-(‘(l 
by growers and others to induce^ the formation of streak, and t-hovse 
treatments were tried on the plants used in the above expeninumt. At 
the end of the fourth week excessive nitrogen (l*K^gm. of sodium 
nitrate per 0-inch pot) was added to three plants in eacdi series, while 
the tops of tin* other three were forced by cutting away all axillary buds 
and shoots. However, only four more plants out of sixty so tri'ated 
developed streak after this date, and they are not included in the ta))Ie 
above as they developed it after so long an interval that secondary 
infection could not certainly be exclud(?d. 

In all experimental plants showing mosaic only, the close similarity 
of the symptoms to those of tobacco mosaic in tomato was particularly 
noticeable, and the comparison may be extended when one examines 
the resistance of tobacco virus 1 to heat and alcohol (sec Table III). 
It will be seen that this virus retains its activity entirely after treatment 
with 90 per cent, alcohol and almost entirely after heating for 10 minutes 
at 85” C., results which agree with those of others. Tobacco mosaic, 
therefore, shows resistance of the same order as that of glasshouse streak 
to alcohol, and heat. 
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Table III. 


{a) Effe/i of heat on the 

infexiivify of tobacco 

mrus /. 

10 mins, at 

No. of plants 

No. positive 

Symptoms 

00" C. 

7 

7 

Mosaic only 

70 

7 

7 

>» 

80 

7 

7 

»> 

85 

7 

fi 

t* 

90 

7 

0 

Nil 

(6) Effex't of alcohol on the infectivity of tobacco virus L 

1 hour of 

No. of plants 

No. positive 

Symptoms 

70% 

7 

7 

Mosaic only 

80 

7 

7 


90 

7 

7 

»» 

Control untreated 

7 

7 



Combined irwcAilaf ions. From the above comparisons it seemed prob¬ 
able that glasshouse streak would act in the same way as tobacco 
mosaic when combined with potato mosaic—that is, produce experi¬ 
mental streak. Potato mosaic was accordingly combined with tobacco 
mosaic in one series of inoculations, the combination producing a disease 
her(‘ referred to as experimental streak 1; and in another series it was 
combined with glasshouse streak, and produced a disease, here called 
experimental streak 2. These forms of streak were identical in the 
length of incubation period, as well as in the manner of appearance and 
intensity of symptoms. On the other hand, the combination of tobacco 
mosaic and glasshouse streak produced the symptoms of tobacco mosaic 
only, until on the 22nd day one of the seven inoculated plants developed 
necrotic leaf spots without stem lesions— i,e. this combination did not 
produce streak. 

ReHistan>c£. to ageing in vitro. Filtered extracts of glasshouse streak, 
tobacco mosaic, potato mosaic and experimental streaks 1 and 2 were 
kept bacteriologically sterile in sealed test tubes in a cupboard, in 
subdued light, and after varying lengths of time their virulence was 
tested by inoculation into healthy tomatoes. 

From Table IV it is seen that the virus of glasshouse streak in tomato 
or tobacco extract retains its virulence stored in tritro for at least 
16 months, while tobacco virus I in tomato extract is virulent after 
12 months under similar conditions. Dickson (6) records that expressed 
juice of mosaic diseased tobacco plants, unfiltered and protected from 
contamination by a layer of toluene, was still virulent after storing for 
6 years. On the other hand, potato mosaic appears to have lost its 
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Table IV. 




(a) Single mruses. 


Ago in 

No. of 

No. 


Virus 

months 

plants 

positive 

Symptoms 

Glasshouse 8ir€?ak 

6 

7 

7 

*7 mosaic only 

in tomato extract 

9 

6 

6 

0 „ 1 mosaic and streak 


12 

6 

6 

4 „ 2 


16 

6 

6 

*6 

Glasshouse streak 

6 

7 

7 

♦7 

in tobacco extract 

9 

6 

6 

•1 ,, 3 ,, 


12 

6 

6 

2 „ 4 


16 

6 

6 

*0 

Tobacco mosaic in 

6 

6 

6 

6 mosaic 

tomato extract 

12 

6 

6 

6 „ 

Potato mosaic in 

:i 

6 

6 

6 fine spot necrosis 

tomato extract 

6 

6 

6 

6 


6 

6 

0 

Nil 


9 

6 

0 

Nil 

Potato mosaic in 
tobacco extract 

9 

6 

0 

Nil 


* In each of these cases, the juice was tested in late autumn when pjrowth of the 
plants is very slow and j^lasshouso streak symptoms are not usually obtained in England. 

(6) Viruses in combination. 


Virus 

Age in 
months 

No. of 
plants 

No. 

positiv'e 

Symptoms 

Experimental streak 1 

3 

7 

7 

7 experimental streak 

in tomato extract 

5 

7 

7 

7 


6 

6 

6 

6 mosaic only 


12 

6 

6 

6 

Experimental streak 2 

5 

7 

7 

6 cxjicnmental st,n'ak. 1 mosaic' only 

in tomato extract 

6 

12 

12 

1 „ ll 


8 

6 

6 

6 mosaic only 


12 

6 

C 

6 


power of infection after 6 months’ storage in vitro in tomato or tobacco 
extract, since it no longer produces a disease in tomatoes. According 
to Henderson Smith (O), this mosaic virus from lIp-to-Date potatoes was 
inactive after 12 weeks in filtered tomato juice, while the virus of mosaic 
in the variety Majestic remains infective for at least 5months. Extracts 
from plants which have been inoculated with two viruses, viz. experi¬ 
mental streak 1 or 2, have power to reproduce these diseases entirely 
for only 5 to 6 months, after which time it is assumed that the potato 
virus has lost its virulence, for the resulting symptoms are those of 
tobacco mosaic, or the mosaic of glasshouse streak only. After 12 months 
—no longer period has yet been tried—these symptoms appear regularly. 
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Resistance to ageing in vitro is a character which is pres(*rved by 
individual viruses alone, or when in combination in plant extracts. This 
property is useful along with resistance to heat and alcohol in separating 
a single virus from a mixture. It is interesting to note that the virus 
of potato mosaic is less resistant than tobacco vu*us I or glasshouse 
streak to all three of these treatments. 

Host range. Use of a number of different hosts as a means of sepa~ 
rating and identifying viruses was made with special regard to two 
characters, the symptoms produced by each virus, and the length of 
time between inoculation and appearance of these symptoms, that is 
the incubation period of the virus in the host. The host plants tested 
were Nieofiana tabaeum (var. White Burley), N. affitiis, Lycopersicum 
escAihntim (var. Kondine Red), Solanum nigrum, S. (Julcamara, S. vil- 
loHum, S. nodifiorum, Nicandra phy sal aides, Petunia viola cea, Hyoscyamus 
niger, Datiira stramonium and Cucumis safivus. Glasshouse streak and 
tobacco mosaic were the inocula, six plants being used in each series. 
All the above-mentioned plants, except Datura stramonium and C’u- 
cumber, showed pronounced leaf mosaic often with some distortion du(» 
to the irregular raised dark green areas, symptoms characteristic of 
tobacco mosaic. Not only did the same plants take both these viruses 
but they showed identical symptoms developing after the same incuba¬ 
tion period. 

Cucumber showed no symptoms at all with either virus, wliile Datura 
stramonium showed onh" frequent, dark brown, stem lesions below the 
nodes of the lower loaves, and on two plants slight necrosis of the leaf 
at the site of inoculation. Bewley(“), working with mosaic disease of 
tomato in Datura stramoniujn, saystliat no mosaic symptoms developed, 
but that all the plants showed “Stripe,” a term which appears to be 
synonymous with “Streak.” It is possible that he referred to these 
brown stem lesions also. 

On the other hand, Datura stramonium has been shown to take potato 
mosaic, giving pronounced leaf symptoms (Henderson Smith (O)). This 
plant therefore suggested a means of separating potato mosaic, from its 
combination in experimental streak 1 and 2. Also, if glasshouse streak 
contains this factor, Datura stramonium would be expected to show it. 

Potato mosaic was transmitted to Datura in each case and from 
Datura back to tomato, but this did not occur with glasshouse streak. 
In experimental streak 1 and 2, the potato mosaic component appeared 
to be responsible for the leaf symptoms in Datura, but the dark stem 
lesions produced by tobacco mosaic and glasshouse streak were also 

Ann. Biol, xvn 17 
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formed; only the potato mosaic virus, however, was transmitted back 
to tomato. It appears from these results that potato mosaic was not 
present in the glasshouse streak used. 

Table V. 


(f7.) Tomato —Datura inoculations^ 



No. of 

No. 


Host Inoculum 

plants 

positive 

Symptoms 

Dat u ra atramoii i v/ w U lassh ouse 

fltniak 

8 

8 

Brown stem lesions; plant No. 2 
showed necrosis of voins of an 
inoculated leaf 

Potato mosaic 

8 

8 

Fine mottle on leaves, fine rings 
formed and frequent small 
necrotic spots 

Experimental 
streak 1 

8 

8 

Fine mottle on leaves, with 
brown stem lesions in all plants 

Experimental 
streak 2 

8 

8 

Fine mottle on leaves in all and 
brown stem lesions in 7 plants 


(b) Datura —Tomato inoculations. 

Leaves of plants Nos. 1 and 2 from each of the above series were 
then inoculated back into tomato, 3 weeks later. 




No. of 

No, 


Host 

Inoculum 

plants 

positive 

Symptoms 

I’omato 

Glas.shou 80 

streak 

8 


Typical coarse mosaic 


Potato mosaic 

8 

8 

Necrotic loaf spots and fine mottling 


Experimental 
streak 1 

8 

8 

»» »♦ 


Experimental 
streak 2 

8 

8 

»» ft 


* This plant was inoculalod with material which contained the necrosed area of plant 
No. 2 noted in the corresponding series above; it is probable that in this n(*crotic area 
the glasshouse streak of the original inoculum remained virulent and produced the mosaic 
in this single plant when reinoculated into tomato. 

Discussion. 

Many workers dealing with streak disease of tomatoes have ex¬ 
perienced difficulty in reproducing streak symptoms regularly, by arti¬ 
ficial means of inoculation, a difficulty which was not overcome by the 
writer. On the other hand, experimental streak can invariably be 
reproduced. In the following diagrams we have this difference shown 
clearly. 

Six plants were inoculated with glasshouse streak (Diagram 1), and 
six with experimental streak (Diagram 2). In both cases the inoculum 
had been stored in vitro for 6 months and in the latter—experimental 
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Glasshouse 

streak 



/ 

Streak and 
mosaic 



\ 

Mosaic 

only 


2 

/ 

Streak and 
mosaic 


\ 

Mosaic 

only 


/ 

Streak and 
mosaic 


Diagram 1. 


Experimental 

streak 



Experimental 
streak 


/ \ 


Experimental 
streak 


Mosaic 

only 



5 

\ 


Mosaic 

only 



0 

/ 

Experimental 

streak 


Diagram 2, 


\ 

Mosaic 

only 


\ 

Mosaic 

only 


17—2 
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streak—the infectivity of the potato mosaic factor was so reduced that 
only one out of six plants developed experimental streak, but successive 
sub-inoculations from the other five plants produced the coarse mosaic 
of tobacco virus 1 only, as was to be expected. With glasshouse streak, 
streak and mosaic symptoms appear irrespective of the symptoms shown 
by the plants from which the inoculum was derived. 

Jn experimental streak, the virus of potato mosaic appears to be the 
factor responsible for the necrosis of the plant, for toba(JCO virus I alone 
rarely, if ever, produces necrosis in tomato. It is difficult to understand 
why the addition of this potato virus to tobacco virus I should cause- 
such a virulent disease which may practically kill its host. 

No indication that glasshouse streak (‘ontains tlie virus of potato 
mosaic has been found, and necrotic lesions have occurred after juice 
containing the virus of glasshouse streak has been subjected to treat¬ 
ments with alcohol and heat and storage in vitro calculated normally 
to destroy the infectivity of potato mosaic. 

The complete agreement in symptoms, resistance to alcohol, heat 
and ageing in vitro, host range and general characters which has been 
shown in this paper suggests that the virus of tobacco mosaic and glass¬ 
house streak are probably one and the same. As glasshouse streak has 
been shown not to contain potato mosaic, necrosis must be due to 
another factor, perhaps connected with the reaction of the host and its 
physiological condition at the time of inoculation or, as gen(‘rally 
assumed, necrosis only occurs under certain experimental conditions 
which have still to be defined. 


Summary. 

A comparison of streak disease of tomatoes, derived from commercial 
glasshouses, and experimental streak produced by combined inoculation 
of the viruses of potato mosaic and tobacco mosaic, is given in detail. 

The characters employed in comparison are the host range of eacli 
virus and its resistance to various temperatures, to different concen¬ 
trations of alcohol, and to ageing in vitro. 

Glasshouse streak and tobacco mosaic show an equal resistance to 
alcohol, heat and ageing in vitro, and have, in addition, an identical 
host range. Treatment for 1 hour with 90 per cent, alcohol and for 
10 minutes at 85*^ 0. did not destroy the infectivity of either of these 
viruses. 

Glasshouse streak is shown not to contain the virus of potato mosaic, 
but is of itself able to produce necrosis in tomatoes without the partici- 
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pation of potato mosaic. The factors underlying this have not been 
determined. 

It is concluded that tobacco mosaic and the mosaic of glasshouse 
streak are probably identical, and that much of the streak occurring in 
glasshouses is due to a single virus, and not a mixed infection of this 
with potato mosaic. 
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her disposal the facilities of the Station, and to Ur W. B. Brierley, Hoad 
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by tin* Australian C'ouncil of Scientific and Industrial Research. 
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THE CONTROL OF CUCUMBER AND TOMATO 
MOSAK^. DISEASES IN GLASSHOUSES BY THE 
USE OF CLEAN SEED 

By W. F. BEWLEY and W. CORBETT. 

(Ej'peyimcntal and Research Citatum, Cheshmit, Herts.) 

Seed transmission of mosaic disease lias been demonstrated in a number 
of vegetable and field crops. In the case of the common bean, Pliaseolus 
vnlijaris, Reddick and Stewart(O) obtained 50 per cent, of diseased plants 
from seed taken from infected parents; Gardner and Kendrick (7) found 
that soybean mosaic was similarly transmitted but to a less extent. 
Newha]l(8) working with lettuce obtained 2 -8 per cent, seed transmission, 
while Dickson (3) reported positive results of “seed inheritance” in the 
mosai(j diseases of several legumes, notably Trifolium prafense, T. hy- 
hridum, Melilotus alba and Pisum satknm, as well as Hippeastrum 
species. 

Seed transmission is not generally accepted for the cucumber and 
tomato, for while Westerdijk(io) upheld it on the basis of a small test, 
Allard(1) and Gardner and Kendrick(tJ) obtained negative results in spite 
of extensive experiments. 

Similarly Doolittle (4) concluded after repeated experiments with 
cucumber mosaic that seed transmission does not occur, although in an 
earlier paper Doolittle and Gilbert published positive evidence of seen! 
transmission in the case of the wild cucumber, Micrampelis lobata. 

Both cucumber and tomato mosaic diseases take annual toll of com¬ 
mercial crops in this country. The extent of the damage varies (con¬ 
siderably from season to season, being aflected by certain physical 
conditions of the plant\s environment, which will be discussed in another 
paper. These diseases have been under observation and investigation 
by the senior author since 1919, and the information collected together 
with that supplied by commercial growers in the Lea Valley suggests 
that these diseases may tend to run in cycles. 

In 1919 cucumber mosaic was only observed on 2 nurseries out of 
87 visited; in 1920 it was found on 7; and in 1921 on 29 ntirseries. During 
J922 mosaic disease was widely spread, being found on 72 nurseries. 
From 1923 to 1925 the disease gradually became less prevalent, and 
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during 1926, although found on 31 nurseries, it appeared to have lost 
much of its virulence. In 1928 there were signs that it was increasing 
in extent and during the present season it is widespread. 

Table I. 

PremlfitM! and inte-mily of cucumber luosaic, 1919-29. 


Year 

I^revalence 

Int-ensity 

]91‘) 

+ 

W. 

1920 

+ 

VV. 

1921 

+ + + 

s. 

1922 

+ + + + + 

M. 

192:1 

-f- f- 

W. 

1924 

+ + 

s. 

192r» 

+ + 

VV. 

]92() 

+ + 

w. 

1927 

+- + 

VV. 

1928 

+ 44 

s. 

1929 

f f 1 t + 

s. 


W. A^eak. Mmoderate. S.—strong?. 


In the above table an attempt has been made to convey some idea 
of the prevalence of cucumber mosaic disease and the intensity of its 
symptoms during:; the last 10 years. Plus signs are used to illustrate 
th(‘ prevalence of the disease, b<*cause figures are not available to express 
accurately the percentage of infected nurseries in any one centre. 

It will b(* seen that the intensity of the symptoms varies in different 
y(‘ars, high intensity not necessarily coinciding with greatest prevalence. 
Indeed symptonus are usually aggravated by high temperatures such as 
occurred during 1921, 1924, 1928 and 1929.* 

Similar observations have been made in relation to the tomato, 
although the periodicity effect is not so marked. 

The above observations suggested that mosaic disease of both the 
cucumber and the tomato may be transmitted in the seed. (Jonfirmation 
of this was sought in utilising information from many thousands of 
plants, by following up the history of different batches of seed whicli 
have been saved and grown by nurserymen. 

Table II provides information concerning the incidence of cucumber 
mosaic on commercial nurseries, where different batches of seed were 
grown in different blocks of houses. It will be seen that while some 
blocks remained free from the disease others were badly infected. In no 
case could any reason be* ound for this variation in disease incidence 
other than seed transmission. 
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Table n. 


The presence of mosaic disease in cucumber plants raised 
from different batches of seed. 



Year in 










which 



Year in which seed was taken 




seed was 

( 

— 


— 

^_ 




Nursery 

sown 

1916 

1921 

1922 

1923 

1924 

1920 

1927 

1928 

1 

1923 

K. 

— 

M. 

— 

— 

— 

— 

— 

2 

1924 

— 

M. 

M. 

H. 

— 

— 

— 

— 

3 

1924 

— 

n. 

M. 

M. 

— 

— 

— 


4 

1924 


M. 

n. 

H. 

— 

— 

— 

. „ 

5 

192;> 

_ 

M. 

xM. 

H. 

11 . 

- 

— 


6 

1920 

— 

H. 

n. 

M. 

M. 


— 

— 

7 

1928 


— 

.. . 

— 

— 

11 . 


— 

8 

1928 

— 

— 


M. 

— 

- 

11 . 

— 

9 

1929 

— 

— 


— 

_ 

H. 

H. 

M. 

10 

1929 

— 


— 

— 


H. 

— 

M. 

11 

1929 

— 

— 


— 

— 

M. 

— 

M. 


If. - hfalthy. M. — mosaic. 


In addition, tlie appearance of a small percentage of infected plants, 
both cucumbers and tomatoes, constantly occurs on nurseries as early 
as 3 weeks from sowing the seed, even when the conditions apparently 
preclude the possibility of infection from outside sources. The following 
ease is a striking example of this. During 1923 attention was drawn to 
a nursery where 100,000 tomato seedlings wTj*e being prepared for 
planting. The seed had been sown in sterilised soil in new^ boxes on 
January 15th, and potting started on February 14th. Insj)ection oc¬ 
curred on March 4th, when approximately 80 per cent, of the total 
plants showed infection by mosaic disease. The propagating houses had 
been thoroughly cleansed in the wdnt/or by spraying the supc^rstructure 
with emulsified cresylic acid delivered with considerable for(*e from a 
pressure machine, and watering the soil surface with cresylic acid and 
water. The staging too, on which the pots rested, had been similarly 
treated. In spite of careful search no signs of infection by green fly, 
white fly or the red spider mite could be seen. A mass infection of this 
extent seemed to offer strong evidence in support of seed transmission. 

In view of this evidence an attempt was made to obtain seeds free 
from mosaic disease, and in 1922 Mr II. 0. Larsen very kindly supplied 
a quantity of Butcher’s Disease Resister cucumber seeds, which had 
been saved in 1916 and stored in a sealed tin since that year. This seed 
had been taken from plants in a nursery where mosaic disease had not 
been noticed prior to 192], One thousand plants were grown in the 
experimental houses during 1923 and remained free from mosaic through¬ 
out the season. Seed was taken and stored for further use. Previous 
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crops in these houses 1920-2 were badly infected with the disease, which 
also appeared in 1924 when seed was used from a commercial source. 

In July 1924 some of the seed saved from the healthy crop of 1923 
was supplied to a grower whose cucumber crop had suffered badly from 
mosaic disease during the previous five years, and where all attempts to 
control it had failed. By growing this small batch of seed in a tomato 
house situated in a district free from cucumbers, sufficient seed was 
prepared for 5 acres of cucumbers on the infected nursery. This seed 
was used in 1925, and for the first time in six years the plants were free 
from the disease except in three small houses. It was found that the 
man in charge of these houses used to visit, during the evenings, a 
neighbouring nursery where mosaic disease existed, and probably in¬ 
fection was carried in this way. The houses were isolated, and the rest 
of the nursery remained clean. Seed was taken from selected plants 
and no further recurrence of the disease has taken place since 1924. 
Similar results have been obtained on two other nurseries. 

Accurate proof of seed transmission long defied all attempts to secure 
it by the standard methods, but recently G*04 per cent, of infected 
seedlings has been obtained from a batch of 493 tomatoes grown from 
seeds taken from infected fruits. Some success has also been obtained 
by inoculating healthy tomato plants w'ith the crushed embryos of seeds 
taken from copiously infected plants growing in 12-inch pots. 

Immature seeds were taken out of the unripe fruit of a plant severely 
infected with “xVucuba” mosaic. The seeds were first washed in 80 per 
c(*nt. alcohol for 15 minutes and then in several changes of distilled 
wa,t(‘r. After thoroughly w^ashing, the embryos w^ere dissected from the 
S(‘eds and washed in several changes of sterile distilled >vater. An in¬ 
oculum was prepared by crushing with a little distilled water, and tomato 
plants were inoculated. The inoculated plants w ere kept in a chamber of 
a glasshouse which contained no other mosaic infected plants. Of the six 
plants inoculated, two showed definite symptoms of mosaic in 21 days 
and, in 27 days, two others developed symptoms. 

The experiment was repeated with two further batches of seed. In 
these cases the embryos were washed in running water for a period of 
24 hours before being crushed and inoculated into tomato plants. From 
these two batches 24 plants were inoculated, and of these five developed 
mosaic. 

In all these experiments care was taken to prevent external infection 
by insects and contact with diseased plants, by isolation and regular 
fumigation. 
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The plants used for inoculation were taken from a batch of 200. 
Mosaic disease did not occur in any of the plants except those inoculated. 

The importance of clean seed being realised, two glasshouses were 
erected at Cheshunt for the purpose of cleaning existing stocks of 
cucumber and tomato seeds. The cost of this work was defrayed by the 
Empire Marketing Board, who also provided an annual maintenance 
allowance. 

For the purpose of this work suspected stocks of Butcher’s Disease 
Resister cucumber and E.S. 1 tomato seeds were used. 

Cucumber selection. 

The seeds were sown on December 21st, 1927, in new boxes, using a 
compost sterilised by heat. They were potted into size ‘"32” pots on 
January 21st, 1928, and 100 were planted into the special house on 
February 12th. The first appearance of mosaic occurred on six plants 
during the first week in March. These plants were immediately uprooted 
and destroyed, as were any that appeared later. In all, 17 plants out of 
100 developed disease symptoms and were removed. From the be¬ 
ginning two female flowers were hand pollinated and two seed fruits 
were obtained from each plant. The seed was extracted in April, keeping 
that from each plant separate and numbering the packets in accordaru‘e 
with the plant from which it was taken. At the end of May, when th(‘ 
plants were pulled up to make room for a second crop, there were eight 
consecutive healthy plants in each side of the north end of the hou.s(\ 
Seed was kept from two plants only, situated in the middle of each batch. 
This was used in the experimental houses during the present season and, 
so far (September), no sign of mosaic disease has appeared. Some of the 
seed has also been tried in three commercial nurseries with similar results. 

Tomato selection. 

The batch of E.S. 1 seed was sown in new boxes in sterilised soil on 
December 2l8t, 1927, the seedlings being transferred to size '"GO” pots 
on January 23rd, 1928, and planted in two separate houses (500 per 
house) on March 4th. 

Out of 1500 seedlings, 27 showed mosaic symptoms in the pot stage. 
After planting, mosaic disease did not appear until the second week in 
April when five plants were destroyed. Up to the third week in June, 
when seed was taken, 123 diseased plants had been removed. As in the 
case of the cucumbers, the seed from each plant was kept separate and 
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labelled with the plant number. That for future use was taken from 
twelve plants situated in the back rows and separated by at least three 
rows of healthy plants from spaces where infected plants had previously 
existed. From this seed, 3080 plants have been grown during the present 
season and have shown no signs of mosaic disease. 

The seed, prior to selection, had been grown in the same houses 
since 1926, and the crop had always been infected. 

Seed transmission has also occurred in the tobacco, and by rigorous 
destruction of diseased plants a clean stock of seed has been obtained 
for experimental purposes. Similar work is being carried out with 
p('tuaia seed. 

The possibility of reinfection from the soil cannot be neglected but 
it (;an readily be prevented by soil sterilisation either with formaldehyde 
or by steam. 

The occurrence of aphis on cucumbers and tomatoes under glass is 
rare and, while white-fly (Trialeurodes vaporariorum Westw.) has been 
shown to transmit mosaic disease on one occasion (2) it does not appear 
to be a dangerous transmitter. The red spider mite is suspected of 
carrying inf(K'tion from one season to another, but no definite proof is 
yet available. 

Clean stoetks of cucumber plants are not likely to become reinfected 
from plants other than the cucumber, for no alternative host has been 
found in this country. 

In view of the above results, it is considered that under the glasshouse 
conditions of this country tomato and cucumber mosaic diseases should 
b(* kept under control by this method of cleaning infected stocks. 

Summary. 

1. Evidence is submitted to show that mosaic disease of both the 
cucumber and the tomato is transmitted by the seed. 

2. Stocks of infected seeds have been cleaned by early and careful 
roguing of diseased plants. 

3. There is every reason to believe that in this country the incidence 
of this disease in glasshouses can be reduced to small proportions, if not 
entirely prevented, by the use of clean seed. 
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THE “MATURATION PERIOD” OF THE 
TOMATO PLANT 

By W. F. BEWLEY and W. CORBETT. 

{Experimental and Research Station, Cheshunt, Herts.) 

(With 4 Text-figures.) 

« 

The fact that certain fruits of the tomato, mainly the apical fruits on 
long trusses, develop and ripen very slowly led to an investigation of 
the development periods of all the tomatoes produced by a single plant. 

Notes were made of the date the flower opened and the date the 
fruit from the same flower was picked for market; the number of days 



A. 1st stage: flower beginning to open. 

B. 2n(i stage: flower partially open. 

C. 3rd stage; flow'er fully opened. 


between being termed the "Maturation Period.” Obviously this period 
cannot be determined exactly because of the possible error at each end. 
In general, tomato flowers showing the first signs of opening on any 
particular day are fully open at some time during the following morning, 
and the error at this end of the period is only a matter of a few hours. 



Table I. 

“Maturation period' of plants, var. Ailsa Craig (Balch). 

Truss 1 Truss 2 Truss 3 Truss ^ Truss 5 


268 


The “ Maturation Period” of the Tomato Plant 


rs 


I I I 


I I I 


^ S I I I 

8 I I I I I I 


f2 


I 


■§ s S S I I 
i 88 SS S I S I I I I 
§ I S§ 8 8 S 12 I 

^ 8 8 S S 8 i 

8 K 8 8 8 8 8 ! 

g 8 8 8 5 8 S2 I 

8 88 88 £8 8 I It I 82 2! 

I — ^ I-*- CD QO ^ 

CO CO CO ^ ^ ^ I 


8 8 8 


£ 8 8 g 


8 3 8 


8 8 £3 

S o 


88 

b- CO 

o CO I— 

3 S 8 

5 8 o 


rs 8 8 8 8 

S 8 S 8 ?o 

^8388 

r- oc »o 05 i- 

05 ^ lO iO lO 

rH Ofl CO Tf< 

S P 

^ 5i5 

•s .ts 

I I 


8 


8 


8 

3 


Mil 


S 8 


I I I 


S I 


8 


CO 

3 


8 8 


05 

I 

8 


Two figures occurring for the same fruit number indicate that the truss is branched. 



''Maturation period'' of plants, tar. Aiha Craig (Balch). 

Trass 1 Truss 2 Trass 3 Travs 4 Tiiiss 5 Truss 6 Truss 

^-A-^ ^,-^-, ,-^^ \ ---% 

Plant No. 101 102 103 104 101 102 ia3 104 101 102 103 104 101 102 103 KU 101 102 103 104 101 102 103 104 101 102 103 104 
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Average 56 65 



Table II. 

^‘Maturation period'* of plants, var. 
Truss 1 Truss 2 Truss 3 
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Fig. 1 illustrates the condition of the flower regarded as being open for 
the purpose of these experiments. 

The date of picking allows of much greater error, although, whenever 
possible, fruits were picked when the first tinge of pink appeared. It 



may happen, however, that fruits too green for picking on Saturday 
should have been taken on Sunday, but instead were left until Monday. 
It is estimated, therefore, that the error in picking may be as much as 
2 days. This error is considered almost negligible in relation to the long 
maturation period of* about 60 days. 
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Table I provides data from eight plants of the variety E.S. P growing 
in the same house under the same manurial and cultivation treatment. 
Table II relates to six plants of Balch’s Ailsa C/raig in another house. 

It will be seen that every fruit on a plant does not develop in the 
same number of days, but that, in general, the maturation period 
lengthens as the plant ages and as the truss lengthens. When a truss 
bears a large number of fruits a considerable lengthening of the matura¬ 
tion period occurs after the sixth, seventh or eighth fruits. This is shown 
particularly well in the case of Plant 68, Truss 3, where the fifth fruit 
took 58 days to develop, the sixth 88 and the eighth 154 days. Sometimes 
this occurs closer to the base of the truss, as in Plant 68, Truss 4, where 
the first fruit developed in 55 days and the remaining fruits in 79 days 
and over. 

This sudden lengthening of the maturation period is probably shown 
better in Fig. 2. 

Varietal differences. 

The variation in length of maturation period shown by different 
varieties is illustrated in Table III, two plants being examined in each 
variety. 

Table III. 


Aoemie leu(/lh in dat/s of main nil ion period.'' 

'1'ruii.s 1 Tnihvs 2 Truss 3 'I'russ 1 Truss 5 


Van«*ty 


No of 
fruit 

Av No, 
of days 
per fruit 

No u( 
fruit 
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of days 
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fruit 

Av. No. 
<»f days 
per fruit 
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It will be seen that Ailsa (-raig, a thoroughly reliable commercial 
variety, shows the most uniform maturation period of those tested, 
while Tuckswood, another good variety, comes second. Comet, an old 
favourite, but one which crops irregularly and is less reliable than either 
of the former, shows a tendency to ripen slowly on some trusses. In 

^ A hybrid selected from the progeny of Ailsa Craig x Blaby and the first variety 
raised by the Experimental Station, Ohoshunt. 
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commerce, Manx Marvel shows a good deal of variation between indi* 
viduals, and cannot be regarded as a pure line strain, but would probably 
pay for careful selection. This variation is seen between! the two plants 
examined. Masterpiece is a variety seldom cultivated. It is abnormally 
short jointed and stunted in habit, with tight trusses of irregular shaped 
fruits. It has several good points worth noting by the plant breeder, 
but needs selection. 

An interesting development of the work occurred in 1926, when by 
good fortune one of the plants proved to be an exc^eptionally strong and 
prolific individual of Ailsa Oraig, as is found occasionally in this variety. 
This plant yielded 12 lb. of fruit instead of the usual 6-7 lb., which is 
good commercial average. 

Table IV. 
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The relative figures detailed in Table IV^ arc represented graphically 
in Fig. 3, Plant A being a normal type, and Plant B the exceptionally 
good individual. It will be seen that while Plant A shows the usual 
variations, the lengths of the maturation periods of all the fruits of the 
first five trusses on Plant B are nearly constant. 

This can be seen better in Fig. 4 when the maturation period pre¬ 
viously set out in days along the vertical arm is replaced by the actual 
dates of picking. 

It may be assumed that an ideal plant is one in perfect balance, 
growing uniformly from day to day, setting all its fruits and developing 
them in a constant time. In this case the maturation period could be 
represented by the straight line A-B, Where the graph rises above A-B a 
retardation of the maturation period occurs and vice versa. It wiU be 
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seen that Plant B approaches very closely to the ideal. The graph of the 
maturation period should therefore be a means of estimating the efficiency 
of a tomato plant, and an attempt was made to determine if it could be 
used in connection with the various experiments conducted at Cheshunt. 

The effect of “stopping” in the matukation period. 

During 1927, records were made in the variety trial house on plants 
of variety E.S. 1, which were “stopped” at varpng trusses from the 
first to the seventh. “Stopping” consists of cutting away the growing 
point so as to leave two leaves above the top truss. Growth is continued 
by taking up the shoot which arises in the axil of the lower leaf. 

Examination of Table V, where a detailed analysis is given, shows 
that the maturation period approaches a constant when the plant is 
stopped aft(T tlH‘ first, fourth, and sixth trusses, or after the second, 
fifth, and seventh trusses, only 11 per cent, of the fruit taking longer 
than 70 days to ripen and only 30 per cent, requiring longer than fi5 days. 
Plants stopped after eitluir the third or fourth trusses show the usual 
maturation pfTiod variations. 

Further, there was no appreciabhj gap between the opening of the 
last flower of the truss proceeding “stopping” and the opening of the 
first flower of the succeeding truss. This gap is very marked in the case 
of plants “stopped” after the third, fourth or fifth trusses. 

Other obscu’vations in connection with the raanurial trials, in which 
only slight im[)rovements in crop were effected by some particular treat¬ 
ment, did not show any marked difference in the maturation period 
graph of plants from the diff<u-ent plots, which is not surprising, because 
even the best jJaiits from these trials could not be termed ideal. 

In future, maturation p(*riod graphs will l)e prepared from plants in 
the experimental plotfi, bec’ause it seems reasonable to assume that they 
will provide a measure of fruit producing efficiency. 

Summary. 

1. The period between the opening of a tomato flower and the picking 
of the fruit which develops from it has been termed the maturation period. 

2. Usually, the maturation periods of the different fruits produced 
by a tomato plant vary considerably. 

3. The maturation period lengthens as the plant ages, and as the 
truss lengthens. 

4. The graph of the maturation periods of the fruits produced by a 
tomato plant approaches a straight line as the efficiency of the plant 
increases. 


{Received July 1929.) 
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STUDIES IN BACTERIOSIS. XVII 

ACIDIC RELATIONS BETWEEN THE CROWN-GALL ORGANISM 

AND ITS HOST 

By EMILY M. BERRIDGE, D.Sc. 

{Ftorn the Baeieriological Laboratory of the Imperial College of 
Science and Technology^ London,) 

(With 3 Text-figures.) 

In a previous paper of this series an account is given of the reactions 
between some constituents of a plant sap and certain species of bacteria, 
including the organism causing Crown-gall, B. tumefaeiens{i). These 
constituents were obtained by alcoholic precipitation of the sap, and 
their power to agglutinate or plasmolyse different species of bacteria 
was found to vary with the H-ion concentration of the solution con¬ 
taining them. At one definite H-ion concentration each species remained 
unaffected by the solution; for B, tuwefaciens this point of non- 
agglutination is approximately pH 5*2. 

It seemed of interest to determine whether the tissues of plants 
attacked by B, tumefaciens showed a H-ion concentration of the sap or 
cell contents as high as this. On staining sections of stems of tomato 
and Chrysanthemurn frideseen^s, botli of which are readily infec.ted, with 
methyl red, only lignified and cuticxilarised cell walls and the young 
meristematic tissues were found to give a red coloration indicating a pH 
value of about pH 5*0. It is just in the meristematic regions that infection 
with B, tumefaciens and the initial stages of tumour formation probably 
take place, for Erwin Smith (7) and W. Magnus (2) both regard the cam¬ 
bium as the starting point of the tumours, and ISrwin Smith adds that 
small tumours may also be produced by very shallow punctures into the 
bark parenchyma, i,e, by infecting the meristematic phellogen. 

It has also been found by Miss Lacey, working in this laboratory, 
that tumours on seedling sweet peas can be obtained almost without 
fail by inoculating the young tissues of the hypocotyl or first node wlien 
the plumule is less than an inch long. Using the range of indicators 
employed by Small (6), the cortex of a section of such a plumule gives a 
pinkish colour with methyl red and yellow with benzene-azo a-naphthyl- 
amine, indicating a H-ion concentration of pH 5*2-4*8. 
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On cutting hand sections of the tumours and staining with methyl 
or di-ethyl red it was found that the phloem and parenchyma gave a 
yellow colour, indicating a H-ion concentration of about pH 5*8. The 
bacterial zoogloea in the intercellular spaces and on the surface of the 
tumour, however, stood out in striking contrast against this yellow 
background, being stained the bright red indicative of the higher H-ion 
concentration of about pH 5-0. The sections were immersed in alcohol 
for only a minute or two to remove air bubbles, then put in the indicator 
for 15 minutes or less and afterwards washed in neutral water. The 
coloration demonstrates the position of the threads with marked pre¬ 
cision, the only other elements showing a pink colour being the lignified 
vessels, and any sclerenchyma present; the youngest meristomatic cells, 
though pink, are less brightly stained. Unfortunately the colour fades 
in a day or two, and diffuses out if the sections be kept in glycerine. 

Figs. 1 and 2, taken from hand sections of young tumours on pea 
seedlings, show the brightly coloured zoogloeal threads ramifying among 
the enlarged and dividing cells, and resemble closely the drawings of 
tumour tissue figured by Riker (Plate HI, fig. B, and Plate IV, fig. D)(^). 
and })y Robinson and Walkden (Plate V, fig. 9, and Plate VI, figs. 19 
and 21) (5). The intercellular bacterial threads of a tumour strand in a 
tomato stiun were also clearly marked, as shown in Fig. 11. 

The comparatively high H-ion concentration of these strands seems 
rather remarkable: for as Walkden(S) observes, Erwin Smith’s classifi¬ 
cation of this organism as an acid producer is ‘'hardly justifiable,” slight 
acidity being indicated only at the end of the third week in litmus 
peptone with 1 pcT cent, dextrose and sucrose. Erwin Smith’s view is 
evidently based on the fact that he found acetic and formic acid as well 
as ammonia and aldehyde produced by the organism in flasks of tap 
watt^r containing peptone and grape sugar, and he attributes the ab¬ 
normal development of the host cells affected by the parasit(‘ to the 
presence of these substances (T). 

It seems possible, however, that the bacteria may vStimulate the host 
c(dl and cause it to secrete acid which is taken up by the mucilaginous 
strands. The growth and multiplication of the organism would not be 
checked thereby, as it is resistant to acids and grows readily at- a pH 
of about 5*0. 

A red coloration of the walls of the tumour cells can be observed 
close to the bacterial threads, being most marked in the middle lamella. 

Robinson and Walkden (r)) point out that the walls of the host cells 
with which the bacteria come in contact stain deeply with Sudan III 




Fig. 3. 


Fig. 1. Bacterial zoogloea ramifying among dividing cells in a tumour on a seedling 
sweet pea. X. Bacterial strand whir,h could bo tratiod to the exterior of the gall. 

Fig. 2. Bacterial threads in an intercellular space among enlarged parenchymatous cells. 
Fig. 3. Tumour strand in the pith of a tomato stem. h,z. bacterial zoogloea, f.c. tumour 
cell, px, pith cell. 
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and Scliarlach R, and merely turn brown with strong sulphuric acid, 
instead of being swollen and dissolved like ordinary cellulose walls. 
These are reactions which usually accompany tlie suberisatio]i of cell 
walls exposed to the air by wounding, and Priestly and Woffenden regard 
such suberised walls as containing free acid, since they stain red with 
methyl red (3). 

This suberisation of the cell walls in contact witli the bac^terial 
zoogloea is accompanied by growth and division of the host (jells (Fig. 1) 
which appear to return to a semi-meristematic condition at those points 
where the bacterial stimulation is strongest. It seems just possible that 
tlie process of tumour formation may be reganhul as due to an irregular 
and progressive healing reaction essentially the same as that which takcjs 
place after the wounding of plant tissues. 

In conclusion the writer wishes to express her thanks to Prof. 
Blackman and Dr Paine for their kind interest and criticism in the 
preparation of this paper. 

Summary. 

1. The 11-ion (H)ncentration of plant sap most favourable to the 
growth of /I, himijacicHs has been shown in a previous ])aper to be 
about p\\ 5-2. This H-ion concentration characterises meristematic 
tissue when* tumours due to B, tumi'fa^iens originate. 

2. The bact(*rial zoogloea present within and on the surface of the 
tumours gives the red colour with methyl red w^hich indicates approxi¬ 
mately the same value, y>JI 5-2. 

3. The cell wall in contact with the bacterial zoogloea appears to be 
sulx^rised; and it is suggested that the process of tumour formation is 
due to healing reactions similar to those which take place in wounded 
plant tissue. 
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THE SOIL FUNGI OF THE DOVEY SALT MARSHES 

By JESSIE S. BAYLISS ELLIOTT, D.Sc. B’ham., B.Sc. London. 
(Department of Botany^ University of Birmingham,) 

(With 11 Text-figures.) 
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Introduction. 

This research was undertaken at the suggestion of the late Prof. Yapp 
with the object of finding out whether any fungi wore present in the 
soil of tlie Dovey Salt Marshes at Ynyslas, near Borth. 

Prof. Yapp had studied intensively the vegetation of the Dovey 
estuary, and had published in 1917 and 1921 some of his researches on 
the subject. 

The soil of this salt marsh is developed on a layer of estuarine silt 
overlying peat, and would hardly be considered a favourable medium 
for the growth of fungi; for the most part in the area investigated it 
was found to be a badly aerated, still tenacious clay, alkaline in reaction 
(pH 8) with a high water content, due mainly to periodical inundation 
by tidal salt water. 

The vegetation covering the marsh shows a marked donation, five 
plant associations^ being readily distinguished. These are: 

1. Saheornietum Europaeae. Lowest. 

2. Glycerietum maritimae. *00 ft. to 1*3 ft. 

3. Armerietum maritimae. 1*00 ft. to 2*6 ft. 

4. Festucetum rubrae. Highest. 

5. Juncetum maritimi. „ 

^ The eoological terminology used here is taken from yapp a). 
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Very few soil samples from the Salicornietum were examined, since 
owing to the prolonged submergence of this area—twice daily—only a 
few poorly grown plants of Salicornia Europaea^ with here and there a 
little algal vegetation, managed to withstand its hardships. 

It was not surprising therefore to find that on a substratum so lacking 
in nutriment of the nature of humus, that fungi, although present, were 
few and far between. 

However, in the Glycerietum and Armerietum a number of inter¬ 
esting species was found, and bacteria, many species of which were of 
brilliant hue, were abundant. 

Soil samples were taken cliiefly from the Glycerietum and Armerietum. 
These two associations form a fairly compact sward wliich has been used 
for years by the farmers in the district as perennial pasture land for 
sheep. It is said that sheep prefer the salt marsh pastures to ordinary 
ones, and thrive on them. At the outset of this investigation a few 
samples were taken from the Juncetum and Festucetum, but it was 
thought best to concentrate on the Glycerietum and Armerietum. 

The Glycerietum consists of nearly pure Glyceria maritimUy but 
occasional stunted plants of Salicornia Europaea occur, and in the 
highest parts of the zone, plants of Armeria maritima are met with. 

The Armerietum is nearly pure A, maritima, but in the lowest parts 
of the zone, G. maritima may occasionally be subdominant. 

Method of taking and of dealing with soil samples. 

Since the vegetation of the salt marsh at Ynyslas seemed fairly 
uniform in character, the soil samples were all taken within an area of 
about 15 or 20 square yards of one another, in the two different zones. 
The idea was that by examining a large number of samples taken from 
such an area, a fungus flora representative of the salt marsh might be 
obtained, if such existed. 

Samples were taken during various months of the year, because 
although desirable, it was impossible to deal with samples taken at 
regular intervals. The lirst samples were taken in July 1026 and subse¬ 
quent ones in February, June, September, and November 1927, and in 
May and June 1928. 

The samples were obtained in the following way. A wedge-shaped 
sod, one side being vertical and about 8 inches in depth, was taken out 
of the sward and later replaced. In the depression thus made, a thin 
slice was cut off the vertical side with a sterile knife and short sterile 
tubes were pushed in it at depths of 1^ and 3| inches, and samples of 
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soil taken out; a sterile cork was inserted in each tube immediately it 
was withdrawn with its sample from the soil. Time did not permit of 
samples taken from a lower depth than 3| inches being (ixamined, and 
since various investigators (Goddard(2), WaksmanG^), Brierley(i), etc.) 
have found that fungi arc most numerous in the first G inches of soil, 
this investigation was limited to samples taken well witliin that range. 

Direct microscopic examination of the soil samples did not yield much 
information. Coiiidia and fragments of hyphae were rarely met with, 
and then usually only in association with organic matter sucli as dead 
or dying roots, stems, and leaves: how^ever, l)y using pure culture methods 
a number of fungi Nvere isolated. 

For inoculation purposes approximately 1 gm. of soil was drop])ed 
into an Erlenmeyer flask containing 50 c.c. of sterile tap water and shaken 
for half an hour. By means of a dropping tube 0*5 c.c. of this suspension 
was then introduced into the tube and l\‘tri disli cultures at hand— 
for most cultures were inoculated on the salt marsh, and as it happened, 
when a good stiff sea breeze was blowing. Some tubes and Petri dishes 
were also infected by planting very tiny portions of soil taken on the 
end of a sterile scal})el directly on to the medium. For c.ontrols, tubes 
and Petri dishes were left o])en on the marsh while the cultures were 
being inoculated. 

The cultures inoculated with soil alw^ays grew more rapidly than those 
cultures which received the soil suspension inotuilation. According to 
Waksmau{3, 5), this is due to the continued growth of those fungi which 
are in the active mycelial condition at the time of inoculation. This w^as 
confirmed by Browm(O) and by McJjennan(T). 

All apparatus and media us(‘fl were prepared and packinl in the 
botanical laboratory under sterile conditions, and then transferred to 
the marsh, where the soil samples w ere taken, and tubes and Petri dishes 
infected. 

Media used. 

In certain trial experiments various media w(‘rc used, including some 
to which an extract of salt marsh soil was addcjd, but better results were 
obtained by using the following media. 

Bread agar. 

Tap water 500 c.c. 

Bread. Sufficient to make 500 c.c. of water a creamy consistency. 

Agar. 7*5 gm.—enough to make medium set. 

Adjusted to pH required before being sterilised in autoclave. 
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Potato agar. 

Tap water 500 c.c. 

Potatoes. Sufficient cooked, mashed potatoes to make water a 
creamy consistency. 

Agar. 7*6 gm.—enough to make medium set. 

Not adjusted to any pH. 

Raisin agar. 

Tap water 1000 c.c. 

Raisins GO gm. 

Agar 25 gm. 

Adjusted to required pH. 

In about half the cultures used the medium was adjusted to pH 5 
before being autoclaved. A fairly acid medium was used, because it is 
generally understood that this has the advantage of keeping down 
colonies of bacteria. However, acidity seemed to have little effect in 
diminishing the growth of salt marsh bacteria in culture. The remaining 
tubes and Petri dishes were adjuwsted to pH 6, pH 7 and pH 7*5. 

Within 24 to 48 hours after inoculation the cultures were brought 
back to Birmingham. At the outset some of these were incubated at 
2IV'and 25^ C. but ordinary room temperature was found to be more 
advantageous, since higher temperatures favoured the growth of bacteria, 
some mucors and certain fungi. At ordinary room temperatures growth 
was sufficiently slow for most of the fungi which appeared, to be identified 
and subcultured. In about six cultures, and perhaps more, mycelium 
appeared which remained sterile even when subcultured under various 
conditions. 

Cultures were examined at intervals of a few days; usually 10 or 
14 days or even more elapsed before the colonies produced coiiidia or 
spores and it became possible to identify the species. 

Fungi found in the soil of the salt marsh. 

As has been frequently pointed out, culture media are selective, so 
those used probably were not suitable for the development of all species 
that were present in the salt marsh area investigated, also parasitic 
forms are likely to have been missed. 

It is said that rigid identification is unsatisfactory because of the 
variation of morphological and other characters with different media: 
that may be true of genera like Cladosporium and Fusarimn, yet many 
fungi isolated from the soil such as Trichodertna Koningi and T. lignoruni 

Ann. Biol, xvn 19 
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have sufficiently well-defined specific characters to be identified, and 
when monographs such as those by Thom and C-hurch(8) on Aspergillus, 
and by Thom (9) on Penicillium are available for other very variable 
genera, identification of these will be less vague. 

During this investigation 48 fungi were isolated: but from the fact 
that, after certain calculations were made, it was found that a suspension 
of 1 gm. of waterlogged soil in 50 cc., only an average of 30 colonies to 
tlio gram appeared, it would seem that fungi are not abundant in the 
salt marsh. For comparison, using cultivated soil (waterlogged) tak(‘U 
from the university grounds, Birmingham, after heavy rains, similar 
methods gave an average of 260 colonies to a gram of soil. 

However, it has been pointed out by Brierleyh Conn(io) and others 
that counts of colonies appearing in Petri dishes may not necessarily 
indicate relative abundance of fungi a(‘tive in the soil, it may merely 
indicate the activity of one or more fungi in the production of repro¬ 
ductive bodies. 

Judging from the number of fungi obtained in the samples collected 
in six different months of the year, June is the most favourable month. 
A temperature reading at'a depth of 3| inches in the salt marsh in June 
1928 (12 a.m.) gave 19*5° C.—a very favourable temperature for the 
growth of many soil fungi. 

Generally speaking, the same species were t;ommon to both th(‘ 
Glycerietura and Armerietum: also the species found at a depth of 
3i inches were for the most part the same as those at a depth of 1J inches, 
vrhether in (xlycerietum or Armerietum. 

The following species of fungi were isolated from soil samples colh^cted 
on the dates given: 


July IM, 1926. 


Fusarium oxysporium var. resupinatum 
(Sherb.) 

Boirytis pyramidalis (Sacc.) 
Hormodendron cladosporoides (Fres.) 
(Sacc.) 

Stysanus medius (Sacc.) 

Macor oircinoUoides (Van Tioghem) 
Diploooccura resinae (Corda) 
Echinobotryum laeve (Sacc.) 

Torula allii (Harz) 


Mortierella pusilla (Oud.) var. 
Stachylidium extorre var. majus (Berl.) 
Fusidium viride (Grove) 

Penicillium hyphomycetis (Sacc.) 
Acrostalagmus cinnabarinus (Corda) 
Cephalosporium aoremonium (Corda) 
Perioonia felina (E. March.) 

Botrytis cinerea (Pers.) 

Perithecia of Aspergillus fumigatoide.s 
(B. and 8.) 


^ See Brierley (4), p. 123, 
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Febrmry I6th, 1927. 


Botr 3 rti 8 pyramidalis (Sacjc.) 

Aspergillus versicolor (Vuillerain) 

Mucor sphoerosporus (Hagem) 
Penicillium hyphomycetis (Saoc.) 
Fusariuin oxysporium var. resupinatum 
(8herb.) 

Spicaria griseola (Sacc.) 


Acrostalagmus albus (Preuss) 
Oephalosporium acremonium (Corda) 
Periconia felina (E. March.) 
Oephalosporium humicola (Oud.) 
Monilia pruinosa (Ok. and Mass.) 
Acrostalagmus ciunabarinus (Corda) 


June 1927. 


Acrostalagmus ciunabarinus (Corda) 
Mucor circinelioides (Van Tieghem) 
Oephalosporium humicola (Oud.) 
Fusarium oxysporium var. resupinatum 
(8herb.) 

Hormodondron cladosporoides (Fres.) 
(Sacc.) 

Perithocia of Asixjrgillus fumigatoides 
(B. and vS.) 

Mucor sphaerosponis (Hagem) 
CJadosporium Jignioolum (Corda) 
Trichoderma lignorum (Harz) 

September 

Fusarium oxysporium var. re-supinatum 
(8hcrb.) 

Torula allii (Harz) 

Penicillium claviforme (Bainier) 

Stysanus modius (Sacc.) 

Perithocia of Aspergillus fumigatoides 
(B. and 8.) 

Echinobotryum atrum (Corda) 


Penicillium hyphomycetis (Sacc.) 
Acrostalagmus albus (Preuss) 

Rhizopus nigricans var. minor (Jensen) 
Penicillium expansum (Link.) 
Aspergillus versicolor (Vuillcmin) 
Periconia felina (E. March.) 

Fusidium virido (Grove) 

Trichosporium murinum (Sacc.) var. 
Stysanus medius (Sacc.) 

Trichoderma Koningi (Oud.) 

Fusarium anguioides (Sherb.) 

im, 1927. 

Oephalosporium humicola (Oud.) 
IVichoderma Ugnorum (Harz) 

Mucor circinelloides (Van Tieghem) 
Periconia felina (E. March.) 
Acrostalagmus cinnabarinus (Corda) 
Acrostalagmus albus (Preuss) 
Penicillium hyphomycetis (8acc.) 


November Ibth, 1927. 


Torula allii (Harz) 

Penicillium claviforme (Bainier) 
Peritheoia of AspergUlus fumigatoides 
(B. and S.) 

Chaetomium crispatum (Fckl.) 
Oephalosporium humicola (Oud.) 
Trichoderma Ugnorum (Harz) 


Fusarium oxysporium var. resupinatum 
(8herb.) 

Aspergillus versicolor (Vuillemin) 
Oitromyces glaber (Wehmer) 

Stysanus metlius (Sacc.) 

MortiercUa pusilla (Oud.) 


May nth, 1928. 

Mucor racemosus (Fres.) Sporotrichum laxum (Nees.) 

Fusarium oxysporium var. resupinatum Fusarium anguioides (Sherb.) 

(Sherb.) Mucor microsporus (Narayslowski) 

PeniciUium decumbens (Thom.) Oospora lupuU (Mass, in Utt.) 


19—2 
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Penioillium commune (Thom.) 
Torula allii (Harz) 

Penioillium hyphornycetis (Sacc.) 
Trichoderma Koningi (Oud.) 


Trichoderma lignorum (Harz) 
Hormodendron cladosporoides (Pres.) 
(Sacc.) 


Junt 2l^» 1928. 


Penioillium expansum (Link.) 

Mucor micTosporus (Namyslowski) 
Fusarium oxysporium var. resupinatum 
(Shcrb.) 

Trichoderma Koningi (Oud.) 
Trichoderma lignorum (Harz) 

Periconia felina (E. March.) 

Torula allii (Harz) 

Aspergillus versicolor (Vuillerain) 
Oospora lupuli (Mass, in litt.) 
Clasterosporium cari)ophilum (L6v,) 
Citromyces glaber (Wehmor) 
Zygorhynchus Moelleri (Vuillemin) 


Penioillium hyphornycetis (Sacc.) 
Sporormia intermedia (Awd.) 
Hormodendron cladosporoides (Free.) 
(Sacc.) 

Mucor sphaerosporus (Hagem) 
Aspergillus versicolor (Vuillemin) 
Aspergillus flavus (Link.) 

Perithecia of Aspergillus fumigatoides 
(B. and S.) 

Periconia felina (E. March.) 

Aspergillus fumigatus (Fres.) 

Fusidium viride (drove) 

Torula lucifuga (Oud.) 


As has already been mentioned, only a few soil samples wore collected 
in the Salicornietum. From these, 12 fungi were isolated,*all of which, 
with the exception of Chaetomium spirale and Maerosporium commune^ 
appear in the list given for Glycerietum and Armerietum. 


List of fungi isolated for Salicomieium, 

Chaetomium spirale (Zopf) Oospora lupuli (Miiss. in litt.) 

Cephalosporium acremonium (Corda) Stachylidium extorre var. majus (Berl.) 
Mortiorella pusilla (Oud.) Torula allii (Harz) 

Maerosporium commune (Rabh.) Monilia pruinosa (C. and M.) 

Hormodendron cladosporoides (a very Chwlosporium lignicolum (Corda) 
variable form) (Free.) (Sacc.) Torula lucifuga (Oud.) 


Comments on the fungi isolateb. 

Among the 48 species recorded are seen species (Trichoderma Koningi, 
T, lignorum, Acrostalagmus cinnabarinus, A . albus, Hormodendron dado- 
sporoides, Penicillium decumbens, P. expansum,, Aspergillus fumigatus, 
A. flavus, Chaetomium crispatum,, Zygorhynchus Moelleri, Mucor cir- 
cinellmdes, M, sphaerosporus, etc.) which have been repeatedly isolated 
from soil in various parts of the world by various investigators— 
Waksman(3), Jensen (ii), Dalc(i2), Goddard (2), Oudemans and Koning 
and others. 

It will be noted that the most common species found in the salt 
marsh were Torula allii, Penicillium hyphornycetis and Fusarium oxy- 
sporium var. resupinatum (Sherb.). 
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Fusarium oxysporium var. resupinaium was isolated by Waksmaii(3) 
from garden and iron soils, and is one of the Fusaria of potatoes (13), 
but there appears no record of Torula alUi or Penicillium hyphomycetia 
as soil fungi, yet they were present in every sample of salt marsh soil. 

Almost equally common were Trichoderma lignoruyti, T, Kdningi, 
Hormodendrofi cladosporoides^ Mucor cirdnelloides and Periconia felma. 

Each of the following species appeared in three at least of the seven 
collections of soil samples investigated: Mortierella pusilh, Botrytis 
pyramidalis, Cephalosporium humicola^ Aspergillus versicolor, Stachy- 
lidium extorre, Penicillium. claviforme, Citromyces glaher, Cephalosporium 
acremonium, Oospora lupuli are species which were each recorded in two 
collections: while Cladosporium lignicolum, Echinobotryum atrum, Asper¬ 
gillus varians, Mucor racemosus, Clasterosporium carpophilum, Asper¬ 
gillus fumigatus, Botrytis cinerea, Chad,omium crispatum, Mucor nigricans 
var. minor, Sporotrichum laxum, Trichosporium murinum are species 
which were only isolated from one collection. 

In the control tubes, which were left open on the salt marsh during 
the inoculation of the 80 to 100 tubes and Petri dishes dealt with on 
each visit, the following three species were seen: Macrosporium commune, 
which appeared only on one occasion and is not included in the list of 
species taken from the soil; Trichoderma lignmum, which appeared in 
one control tube only, yet was frequently recorded for the salt marsh 
soil; and Ilormvdendron cladosporoides, which was present in control 
tubes on two occasions and occurred repeatedly in the soil samples. 

As far as the writer is aware, the following species in the above lists 
have not been recorded before for the British Isles: 


Periconia felina (E. March.) 

Fusarium anguioides (Sherb.) 

Spicaria grisoola (Sacc.) 

CVphalosporia humicola (Oud.) 
Mortierella pusilla (Oud.) var.? 
Rhizopus nigricans var. minor (Jensen) 
Torula allii (Harz) 


Torula lucifuga (Oud.) 

Diploooccum resinae (Cord.) 

Fusarium oxysporium var. resupinatum 
(Sherb.) 

Aspergillus fumigatus (Fres.) 
Chaetomium crispatum (Fckl.) 


The mode of growth in culture of several species of fungi met with 
in the salt marsh seems worthy of comment. These, instead of growing 
out in the close radiating mass so familiar in cultures of Penicillium, 
Aspergillus and others, send out, to begin with, a few branches which 
grow rapidly in length, fruiting as they grow; other branches follow in 
the same direction, coiling round the pioneer branches, and others round 
these until, as it were, rope-like strands are formed (Fig. 1, a) from which 
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later similar rope-like strands branch out. In this way the fungus 
quickly covers a whole substratum, often overwhelming and burying 
other species en route, 

A fungus with this method of growth should be highly successful in 
dominating a substratum, and in a salt marsh sward where vegetation 
is not a very close compact turf, this runner method of growth must be 
highly advantageous to the fungus possessing it. 



Fig. 1, Mortierella yuailla (Oud.) var,: a, mode of growth, x73: 6, sporarigium, xCOO; 

0 , spores, x 6(M). 

Of the 48 fungi recorded for the salt marsh, 27 are mpm])crs of the 
Fungi Imperfecti, 14 belong to the Ascomycetes and 7 to the Mucorales. 

Several septate sterile mycclia (orange, fuscous, white, etc.) appeared 
in cultures, and one possessing golden brown hyphae showed clamp 
connections and doubtless belonged to the Basidiomycetes. This was the 
only instance of clamp connections found during this investigation. 

EchinofxAryum laeve (Saco.) (Fig. 2). 

Echirwhotryum laeve (Sacc.) appeared as a parasite on Stysanits medius (Saco.) 
each time this fungus cropped up in soil cultures. The conidia were smaller than the 
type, being 7-8 x 4 instead of 12 m x 6-7. 

Appended to the description of E. lae.ve by W. B. Grove(21) is a note stating that 
ho thought the fungus merely a young stage of E. (drum, (Corda). So when the latter 
fungus (Fig. 3) also appeared in these salt marsh soil cultures, the two species were 
kept under observation, and it was readily seen that the beaked coarsely warted 
pear-shaped conidia of E. aPrum, which are attached by their broad end to their 
conidiophores, are quite different from the fusoid smooth conidia of E. laeve; further, 
the hjrphae, as stated in the description of the latter fungus, remain hyaline when 
mature. These two species of fungi are undoubtedly quite distinct from one another. 
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Ohaetomium criapatum (Fokl.)* New record. 

This fungus was taken in July 1926 from the Salicomietura and in November 
1927 from the Glycerietum and seems very closely allied if not identical with 
C, olivdceum (C. and Ellis) which was isolated from soil by Jensen (11), and also by 
Waksman(3), It is also very closely allied to O. simile, a coprophilous fungus recorded 
and figured by Massee and Salmon(19). 

Periconia felina (E, March.). 

The only other record of this fungus is for Belgium (on cat dung). It appeared 
in four or more series of soil samples and in most tubes of each series. 

The salt marsh form differed from the type in having its conidiophores attenuated 
at the apex instead of being thickened; otherwise there was agreement. Although, 


(f 







Fig. 2. Echinolfoiryum larir (Sacc.), hypha© with cIusUts of conidia, x 6(X). 

Fig. 3. hjchitiohotryum airum (Corfla), hyphao with clusters of conidia, x (KK). 

Fig. 4. Periconia felina (E. March.): a, mode of growth in ro|H'-like strands, x6C; 
h, attenuated conidiophores terminating in conklial heads, x 6(H); c, conidia, x 6(H). 


according to Marchal’s description, the conidiophores are thickeneni at the end, in 
his diagrams they are attenuated, and each terminates in a swelling which looks like 
the beginning of the first spore: the salt marsh form resembles the diagram (Fig. 4, 
a, b, c). 

This fungus had the scrambling method of growth referred to on p. 291, and 
rapidly covered the substratum with a mesh-work of rope-like strands of s('ptatc 
hyphae, all licaring simple or branched hyphae whit^h were hyaline for a long time: 
each conidiophore terminated in a head of eight or ten black conidia, all held together 
with mucus. The conidia are oval and measure 6 x 2-5-3 

Fmarium aftffuioidea (Sherb.). Now record* 

Besides the almost universally present F. oxysporium var. rempinatum (Sherb.), 
in one culture, June 1927, F. anyaioid^ appeared. Most of the conitlia were of the 
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extraordinary long variety (90-100/i), five to nine septate, and were interesting 
from the fact that many of them broke up into unicells before germination (Fig. 5). 

Styeanus mediua (Sacc.). New record. 

This species differs from 8, stemonitea (Corda) in its smaller conidia, the marsh 
form being rather small, usually 3 x 2*5 fi, occasionally 5 x 2-5 fi, 

Spicaria griaeola (Sacc.). New record. 

In one culture a Spicaria closely related to griseola appeared. It differed from 
the type chiefly in the colour which always remaint*d white, and in ile simpler 
branching—the conidiophores were nearly always simple, and branched rarely and 
then only sparingly. The conidiophores like the type terminated in five or six short 
branches (sterigmata, 3 m) to which very long chains of a septate colourless elliptical 
conidia (2*5 x 1*5^) wore attached (Fig. 6). 

Cephcdosporium hnmicola (Oud.). New record. 

This fungus appeared in soil samples taken in February, June and November, 
and had the same scrambling method of growth as Periconia fdina and others. 



Fig, 7. ('’ephalosporivni httmicola (Oud.): «, mode of growth, x 80; 6, conidial heads on 
conidiophores, x 600; c, round conidia, x 600; d, oval conidia, x 600. 

The spherical conidia were rather smaller than the type, being l*5/ut in diameter 
instead of 2*3 to 2*5 /a, also in some cultures a variety with the conidia decidedly oval 
(1*5 X 1) was seen (Figs. 7, d and 7, c). Unlike the type, the conidiophores were more 
often branched than unbranched. The colonies were white for a long time but occa¬ 
sionally a rosy tint sometimes appeared in old cultures (Fig. 7). 

Occasionally the conidia attained the dimensions (3-4 x 1-1*5 ft) given for 
C. aca^emonium (Corda) which supports the suggestion of W. B. Grove that C. liumkola 
is only a form of C. acremonium, 

MortiereUa ptmlla (Oud.) var.? 

This fungus is closely related to if. pusUla, yet differs in having conidiophores 
shorter and narrower, sporangia not nearly so wide, and small elliptical spores 
(2-3*5 X 1*5-2 ft) instead of round ones. Both fertile and vegetative hyphae were 
narrower than the type. In its mode of growth it resembles Cephalosporium humicola 
(Fig. 1). 
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The type form was isolated from humus soil in Holland and is not recorded for 
the British Isles. 

AspergiUus fnmigaius (Fres.). New record. 

This Aspergillus appeared in cultures from soil samples taken in February 1927 
and June 1928, but no pcrithecia were obtained. It seems doubtful whether they 
are known. 


Aspergillus fumigatoides (B. and S.). 

In cultures from many soil samples black perithccia were of frequent occurrence— 
perithecia with rough as<jospores, diameter 2*5-4, golden brown in mtiss—all charac¬ 
teristics which distinguish A, fumigatoides (B. and S.). a species which, according to 
Thom and Church(8), possesses a pcrithecial form closely allied to A, fumigatus. 

The ascospores, when transferred to various media, failed to germinate. 

Rhizopus nigricans var. minor (Jensen). New record. 

This variety appeared in one soil sample taken at a depth of 3J inches in the 
Armeriotum. It agreed with the type. The only other record of this fungus is that 
of Jensen (11) for Ithaca. 

Trichaaporium murinum (Sacc.) var. 

A species of Trichosporium very closely allied to T. murinum w^as taken from 
soil samples collectexl in June 1927. The sjiores are somewhat larger in size than the 
type, being 15 p x 5-7 (instead of 10-12 x 8 p), but in obovate form and in sessile 



Fig. 8. Trichosporium murinuvn (Sacc.) var.: a, mode of growth, x 60; 

6, sessile conidia, x 000. 

attachment they resemble Saccardo’s figure. The hyphae wero hyaline (not dark), 
and all were fertile, a profusion of black sessile conidia being produced in alU?rnate 
succession (ITig. 8). 

This fungus has a scrambling method of growth and very soon smothers a mixed 
culture in which it appears. 

ToruUt alia (Harz). New record. 

A fungus which has appeared in nearly every soil sample collected on the salt 
marsh has the characteristics of T, alli% which was described by Harz as parasitic 
on onion bulbs, in Vienna. Harz gives the colour of the conidia as brownish black. 
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whereas the salt marsh form has golden brown, multi-guttulate conidia, very variable 
in diameter (5-14^) (Fig. 9). 

There is no previous record of this fungus for the British Isles, but probably it 
would be found if looked for on Allium. 



Fig. 9. Torula allii (Harz), conidia and conidiophoros, x 6(K). 

Mucot microspoTua (Namyslowski). 

This salt marsh mucor differs from the type in its shorter conidiophores (about 
5 /A instead of 12-20 ;a), and in its smaller sporangia about half the size. 

Oospora lupuli (Mass, in litt.). 

This fungus is a (jomraon pink mould on 8j>ent hops. The salt marsh form has 
rather smaller conidia which measure 5-7 x 2 /x instead of 7-9 x 4 fi. 

Olaaierosporium carpofthilurn (l-it'‘v.). 

This fimgu.s, known only as a parasite, forms an effused black velvety mass over 
thesurfacH? of the sukstratum ()ii which it is cultured (Fig. 9*), The sterile and fertile 
hyphae are fuscous, the simple or branched conidiophores terminate in two or thn^e 



Fig. 9*. ChjMleruHjHWtum cariuyphyllum (Lev.); conidia and conidiophores, x3,‘J.3: 

6 , septate conidia, x 600. 

sessile, or nearly so, (jonidia, sometimes in chains of tw'o. Conidia 20A)i)p \ 8-10, 
1, 2, 3, 4 and 5 septate, oval, somewhat pointed at one end. 

The only British record of this fungus is by Berkeley and Broome(1-1) who record 
it as a parasite on ripe peaches (1864). Aderhold(15) has proved that it is capable 
of causing gummosis of prunacoous hosts. 
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Tanda lucifuga (Oud.)* New record. 

A salt marsh fungus which agrees closely with the description of the T. lv>cifuga, 
was isolated from soil samples taken in June 1928, but only one colony was noted. 

The type species was isolat/ed from humus soils in Holland by Koning. It has 
not been recorded before for the British Isles. 

Styaanua n.sp. or abnormal form of Styaanua. 

This species was of an unusuiUly large size for a Styaanua, It appeared in a soil 
sample taken at a depth of inches in the Salicomietum, June 1927. 



Fig. 10. Styaanua sp.: a, torch-like sporodoohium, x 14; ft, fused sporodocliia; c, section 
through a sporodoohium, xThi; d, fertile hyphae with chains of conidia from the 
conidial head, x 600, 



Fig. 11. Monilia pruinoaa (C. and M.): a, conidia and conidiophoros, x 100; 
ft, conidia, xOOO. 
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Diagnosis. Stem of stroma, shining white, simple, gradually widening upwards, 
height 1*2 to 2 mm., width at base 200 fj. increasing to 800 fi, consisting of septate 
coloiu*less hyphae; head globose, fuscous, diameter 600/x to 2000^; conidia ovate, 

3 X 2*76 ft, pale fuscous, mostly in unbranched chains (Fig. 10). 

The large size of this fungus, its shining white stem and torch-like form, dis¬ 
tinguish it from any speckjs of Stysanus already recorded. In the size of its conidia 
it resembles Stysanns micros'porus (Sacc.) and Stysanus Mandlii (Mort.). 

Monilia pruinosa (C. and M.). 

The only other record of this fungus (Fig. 11) appt^ars to be that by Cooke and 
Massee, who found it at Kew on fading leaves of Caladium. They do not give a figure. 
It appeared in cultures (February 1927) which were planted with minute fragments 
of soil from the Olycerietum, and it also was found (November 1927) in the Sali- 
comietum (Fig. 11). 

It is of interest to note that Mason(i6), during her investigation of salt marsh 
plants, came across fragments of an endophytic fungus in the roots of Armeria and 
Ghjctriay which very much resembled this. 

Fungi in relation to the soil. 

One is impressed by the fact that almost all the aforementioned fungi 
are found above ground as 8aproph}^tes. Thus it seems probable that 
many of them have been introduced into the soil by drainage or from 
the excrement of sheep, birds, etc., or by the wind; however, when 
introduced they would grow actively if they met with suitable nutritive 
matter under favourable conditions of moisture, temperature, aeration, 
etc. 

It is highly probable that the spores and conidia of many of the fungi 
in the above lists can retain their vitality for months, perhaps years— 
the conidia of Stysanus medius (Sacc,), for instance, when transferred 
from a dried up culture to a fresh medium germinated after being dry 
for at least 12 months; when similarly tested, the conidia of Periconia 
felina (E. March.) had retained their vitality for at least 18 months, 
those of Fuaidium viride (Grove) at least 15 months, while the spores of 
Mucor circinelloides (Van Tieghem) germinated after being dried up at 
least 2 years and 7 months, and the ascospores of Chaetoniiim crispatum 
(Fckl.) 2 years and 6 months. But it is most improbable that spores 
and conidia under salt marsh conditions retain their vitality long, since, 
unless they germinated almost immediately, they would yield to the 
activities of salt marsh bacteria, or be devoured by mites and Collembola 
or such-like soil fauna. 

But it is hardly necessary to consider how long spores and conidia 
will retain their vitality, since one can postulate the continued reintro¬ 
duction of fresh spores and conidia, blown or carried in from deca 3 ring 
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vegetation on the dunes near by, or from the extensive ill-drained 
moorland and peat-bog area bounding the salt marsh on the south, or 
from the uplands around. 

And as for the common species such as Torula aUii (Harz), Peni- 
cillium hyphowycetis (Sacc.), Fusarium oxysporium var. resupinatum 
(Sherb.), and others which occur in most soil samples, salt marsh con¬ 
ditions must be so favourable to their continued existence, that there 
can be little chance of that being dependent on their conidia possessing 
a prolonged period of vitality. 

The condition in which fungi exist in the soil, whether as spores or 
as actively functioning mycelium, has been a subject of much discussion. 

According to Waksman( 20 ) and Brown (C), fungi in tlie soil are in an 
active mycelial condition—a view conlirmed by McLennan(7) who states: 
‘‘Fungi are present in the soil extensively, in fact practically entirely 
in the mycelial condition.” 

On the other hand, Winogradsky (17), employing the direct micro¬ 
scopic method, considers that fungi are present in the soil as spores, 
which only in the presence of organic material germinate and produce 
active mycelium. 

The writer considers that fungi in the soil are active only in associa¬ 
tion with organic material, and since in most soils there is generally 
dead organic matter, and more or less satisfactory conditions as regards 
temperature, aeration and moisture prevail (for some fungi at least), 
there is no reason why fungus spores should not germinate^, and produce 
an active mycelium. 

In a direct microscopic examination of the soil of this salt marsh, 
conidia and hyphae are rarely met with; however, if bits of dying organic 
matter (rootlets, leaves, etc.) from the soil arc examined, hyphae can 
usually be found. Several times quite a good development of hyphae 
extending out into the soil around was foimd when decaying roots of 
Glyceria from soil samples taken 12 inches below the surface were 
examined. 

But in the soil of this salt marsh, the conditions—a badly aerated 
tenacious clay, alkaline in reaction, a high water content due mainly 
to periodical inundations by salt water—are not those generally con¬ 
sidered favourable to fungi; hence it was somewhat of a surprise to find 
fungi apparently able to tolerate conditions there. 

Most soil fungi growing actively in culture generally produce quan¬ 
tities of conidia, yet in direct microscopic examination of the soil, conidia 
and h 3 ^hae too, as stated above, are rarely met with, and a conidium 
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attached to a hypha was not seen: this may be due to the activity of 
soil fauna, for the voracity of such organisms as mites and Collembola 
for conidia and hyphae in cultures is only too well known to the writer. 

If dying or dead rootlets are well washed and rinsed repeatedly in 
sterilised distilled water and transferred to hanging drops, a copious 
development of hyphae soon follows, usually with abundant conidia: the 
nutriment on which the fungus is living is doubtless the organic tissue 
of the rootlets; but in the soil of such a salt marsh as this, nutrient 
solutions from the excrement of sheep and of birds must also be present 
in abundance, on which saprophytic fungi can thrive. 

Both Glyceria maritima and Anneria maritima are mycorrhizal plants, 
in fact in the former the fungal infection extends throughout the plant 
})ut it is not obligate, since it is quite possible to grow Glyceria plants 
from seed in sterile soil free from mycorrhizal infection; plants from a 
salt marsh transferred to ordinary garden soil still continue to produce 
infected roots^. 

Fungal infection probably extends also throughout Armeria plants 
too, since hyphae are always present in leaf bases as well as in roots. 

It is probable that some of the mycorrhizal fungi are identical with 
those in the above list; in fact, it is significant that during an investi¬ 
gation of the anatomy of Glyceria by Mason(U>), the writer saw a pre¬ 
paration of a root containing a fungus which appeared identical with 
Monilia pnmiosa —a fungus in the above list. Further, from the rootlets 
of Glyceria endophytic fungi (perhaps mycorrhizal), w’hich were identified 
as Stachylidiiim cyclosponnn (Grove) and Cladosporium herbarium (Link.), 
appeared in hanging drop cultures: the latter fungus may be identical 
with C. liynicolum (Corda), a fungus included in the above list. 

Glyckuia and Armeria in relation to salt marsh soil fungi. 

It is well known that saprophytic fungi bring about a natural decay 
of plant tissues, in fact fungi seem able to decompose most constituents 
of plants (celluloses, liemicelluloses, sugars, pectins, pentosans, etc.) 
except lignins, but even the latter yield to the activities of some of the 
higher fungi and perhaps a few of the Fungi Imperfecti. Several Actino- 
mycetes are also reported to break down lignins and the same may be 
said of one or two bacteria. 

The elBiciency of GlycA^ria maritima as a marsh builder is doubtless 
bound up with the fact that most of the aforementioned soil fungi are 
unable to decompose lignins, and even though several of the above species 

^ I am indebted to Miss M. Going, B.Sc., for carrying out those experiments. 
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have been proved to be capable of decomposing cellulose {Trichoderma 
Koningi, Penidllium expansum, P, decumbens, P, damforme, Aspergillus 
fumigatus, A, glaucus, A. flavus, Acrostalagmus dnnabarinus) and most 
of the others belong to genera known to include species which decompose 
cellulose, yet the waterlogged condition of the soil (most of the Gly- 
cerietum is covered by every tide) and its lack of aeration must tend to 
retard their activities. 

Glyceria maritima, which is a most effective silt binder when colon¬ 
ising bare ground, produces creeping shoots from which extend quan¬ 
tities of long fine roots and rootlets: later the plants take on a tufted 
habit and continue producing innumerable fine roots, which may extend 
a depth of 2 feet or more. The effectiveness of such a plant as a silt 
binder is seen when trying to free it from silt for investigation purposes— 
a most tedious operation. 

Sections through the rootlets of Glyceria maritifna reveal a cortex 
with a fair development of intercellular spaces, and a mycorrhizal infec¬ 
tion. This cortex becomes gradually disintegrated owing to fungal action, 
leaving a stele surrounded by cork. The stele is very compact, and 
consists almost entirely of lignified tissue. Sections through the rhizomes 
show a similar structure with a strongly developed zone of pericycle 
fibres, but only slight mycorrhizal infection. 

In some parts of the marsh during a stormy period erosions take 
place, when dense cottony masses of Glyceria are left exposed. In siicdi 
masses dead roots and rhizomes are found in various stages of decay, 
due to the activity of both fungi and bacteria, but for the most part 
the stele of the root and the pericycle of the rhizome—the lignified 
parts—are intact. 

There is little doubt that this resistance of Glyceria to decay is in 
part due to the salt marsh soil fungi being chiefly of those species unable 
to decompose lignin; even if many lignin-decomposing fungi were present, 
the waterlogged condition of the soil and its lack of aeration would 
doubtless retard their activity; however, it must be remembered the 
cortex is quite well aerated, and any fungi whic£ enter are under better 
conditions for carrying on their activities than in the stiff, badly aerated 
soil outside. 

The marsh teems with soil bacteria, and it is highly probable that in 
the decomposition of cellulose, pentosans, etc., they take an active part, 
the waterlogged condition of the soil not checking their activities as in 
the case of fungi. 

Now Arrneria maritima is not nearly so effective a salt marsh builder 
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as Glyceria maritima, Armeria does not grow so rapidly as Glyceria, 
and for this reason would not be so successful as the latter in a region 
where accretion is somewhat rapid, and ‘‘accretion is much more rapid 
in the Glycerietum than in the Armerietum^’*: further, Armeria is not 
so well equipped to resist attacks of fungi and bacteria. 

In the Armerietum basin-like depressions—the so-called pans—are 
numerous where salt water lies for a considerable time. Now where 
Armeria grows at the margin of a pan an escarpment is seen, usually 
considerably undermined, thus demonstrating the ineffectiveness of 
Armeria as a silt binder: on the other hand, where Glyceria is found at 
the margin of a pan there is usually a sloping shore. 

Sections through the rhizome and roots of Armeria show that the 
total amount of lignified tissue is small, there being a conspicuous absence 
of mechanical tissue of the nature of sclerenchyma, the only lignified 
tissue being the xylem and of that there is only a small quantity. 

Further, as regards aeration, in young roots a good development of 
small air spaces exists, and in old roots with secondary thickening there 
are large triangular air spaces. The rhizomes too are well supplied with 
air spaces. 

The Armerietum, although submerged during all spring tides and 
perhaps during some neap tides, gets more drainage than the Glycerietum, 
and so as a medium for the activities of fungi is a degree or so better. 
Thus Armeria, as a plant ha\ing little lignified tissue and possessing large 
air spaces, succumbs to the activities of fungi far more readily than 
Glyceria, and, at a depth of a foot, it is usual to find the tap roots of 
Armeria little more than hollow tubes of cork, the wdiole interiors having 
been removed by the activities of fungi and bacteria. Further, after 
erosion has taken place during very high tides, escarpments in the 
Armerietum, as one w^'ould expect, show no great tangle of roots and 
rhizomes, as is the case of the more lignified plant Glyceria. 

I have not thought it necessary to give an historical survey of the 
work done by various investigators on Soil Fungi, since excellent review^s 
of the subject have been given by Jensen(ii), Waksman(3), Coleman (is), 
Brierley(4) and others. 

In conclusion, I should like to express my thanks to Mr W. B. 
Grove, M.A., for critically examining certain fungi, and to Miss E. M. 
Wakefield for confirming my opinion that certain fungi have not been 
recorded before for the British Isles. 


Ann. Biol, xvn 


1 A statement from Prof. Yapp. 
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Summary. 

In this investigation of the fungi of the soil of the Dovey Salt Marshes 
(Ynyslas) 48 fungi were isolated. 

Twelve of the species found do not appear to have been recorded 
before for the British Isles. 

The area investigated is a badly aerated, stiff, tenacious clay, alkaline 
in reaction (pH 8), with a high water content, due mainly to periodical 
inundations by tidal salt water. 

Method of investigation consisted in taking samples of soil from a 
depth of and 3| inches and either planting portions of this directly on 
to specially prepared media, or first shaking up a portion in water and 
then inoculating the prepared media with some of the suspension. 

Three fungi— Torula allii, Penicillmm hyphomycetw and Fusariuvi 
oxysporimn var. resupinaium —were almost invariably present in every 
sample of soil: almost equally common were Trichoderma liynorim, 
T, Koningi^ Honnodendron cladosporaidesy Mucor circincllaides and 
Periconia felina. 

Most of the fungi found are species found above ground as sapro¬ 
phytes, and may have been introduced into the soil by drainage, etc;. 

The writer considers fungi are active only in association with organic 
material. 

The vegetation covering this marsh shows marked zonation: soil 
samples were chiefly taken from the Glycerietum and Armerietum. 

The same species of fungi were common to the two associations. 

Glyceria rmritwia is a most effective silt binder, because the stele of 
its rhizomes and roots consists almost entirely of lignified tissue which 
does not yield to the activities of the soil fungi; Armeria rnariiima is not 
so effective a silt binder because the stele of its rhizomes and roots 
contains very little lignified tissue—at a depth of a foot, the tap roots 
of Anneria are little more than hollow tubes, the interiors having been 
removed by fungi and bacteria. 
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I. Introduci'ion. 

In spite of the remarkable and rapid development of practical operations 
in biological control, the fundamental principles underlying the work 
have received, up to the present, relatively little attention. It is obvious, 
however, that, without careful theoretical and experimental studicvs of 
the action of the organisms it is desired to utilise in the control of pests, 
the result of practical experiments in this direction can never be properly 
understood; and since little or nothing of a definite character has been 
learned from what has been done, it is impossible to plan future opera¬ 
tions to any better advantage. A general survfjy of the subject is 
therefore desirable, the more so since the idea of biological control has 
now become fashionable and is tending to degenerate into a kind of 
superstition or fad. 

In the present paper, I propose to consider briefly the nature of 
biological control and its relation to natural control in general, the 
nature and practical value of biotic controlling factors of various types, 
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the objects to v'^ral.’biological control can be applied, the situation in 
which the meth/ween j be utilised and the results which may be expected 
from it. To thef*^ facton^x* with the subject a good deal of the discussion 
may seem elen^^ certairbt^^;^it is nevertheless fundamental and, I believe, 
necessary if a clas«^ixd reasonable view of the subject is to be obtained. 
' dif 

II. The nature op biological control. 

The word control may evidently have several different meanings. 
It is used in this paper to designate a check on the increase of an 
organism, or, in other words, a diminution of its rate of multiplication, 
brought about by any cause, or combination of causes, whatever. When 
the diminution of the reproductive rate is such that there is no further 
increase, the population remaining numerically constant from generation 
to generation, the organism will be said to be completely controlled. When 
it incrc'ases at any rate between the point of complete control and the 
rate of iiuTcase attained when all of the progeny an individual can 
produce under optimum conditions, attain maturity and reproduce in 
every generation, it will be said to be partially controlled. Used in this 
way, these terms have, of course, no definite connection with the question 
of economic control. Whether an insect pest is in control from the stand¬ 
point of the economist depends upon whether the injury resulting from 
its presence causes a financially measurable loss. This depends, in turn, 
other things being equal, upon what w’e might term very roughly, the 
number of individuals of the pest per unit of area. A pest may be thus 
in economic control,'although it is increasing and spreading, or it may 
cause severe economic losses and yet be completely controlled in the 
sense that its population remains practically stable from generation to 
generation. Nevertheless, although during the initial period of its in¬ 
crease, a pe*st may not cause any appreciable economic damage, it will 
ultimately become injurious unless its increase is checked; and while 
an organism may still cause economic damage, even though it is, techni¬ 
cally speaking, in complete control, still the prevention of damage is 
much easier to bring about when the population is stable than when it 
is on the increase. The notions of technical and practical control, whil(' 
not interchangeable, are thus closely connected. For the purpose of tlie 
present argument, the word will be used, mainly, in the technical sense*. 

By natural control we mean the reduction in the reproductive rate 
of a species effected by natural as opposed to artificial factors or, to put 
it in another way, the control which occurs in the natural environment 
as opposed to an environment artificially created by man. 
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By artificial control mean the reduction in', of multipli¬ 

cation effected through human intervention. It it\t! wever, be noted 
that control of this type may be brought about eitl manoeuvres 

specially designed to reduce the numbers of t^L CO or may occur 
accidentally, during the course of the agriculturax normally 

carried out in connection with the affected animalsSc. plants, as 

we have been informed by M. Regnier, the codling nioth in certain parts 
of Normandy is of very little importance, because the orchards are used 
as pastures for cattle, which eat the wormy fruit as soon as it falls to 
the ground. Similarly, the method of cropping lucerne in Southern Italy, 
has, as an accidental result, the removal of the eggs of the weevil, 
Phytonomm posticus, from the fields. 

By biological cohtrol we mean the reduction of the rate of multipli¬ 
cation of an organism effected through the agency of other organisms 
as distinct from non-living factors. The effect exerted by organisms upon 
ea(h other may be direct or indirect. Every organism has an effect upon 
its fellows through its general action upon the common environment. 
The effect of such indirect action upon the formation and development 
of biological associations is undoubtedly enormous. During the course 
of its ordinary existence and in the pursuit of its own ends, the organism 
prepares an environment in which certain species will flourish but from 
which others will be excluded. In so far as relations of this type between 
organisms produce a reduction in the reproductive rate, they constitut<' 
indirect biological control. They need not be considered in detail b(»cause 
their complex and essentially contingent <‘haracter reiul(‘rs it impoHsibl(i 
in most cases to utilise them in practhuil work. 

Direct biological control results from the direct spe<;ific actions of 
certain definite organisms upon certain others which tlu^y habitually 
injure or destroy. Any organism which habitually injures or destroys 
other organisms may be considered as an agent of biological control. 
Since most animals and many protozoa, bacteria and fungi, as well as 
certain of the higher plants, prey and develop at the expense of living 
organisms, the number of such controlling agents is enormous. 

This classification of controlling agencies is sufficient for the purpose 
of this paper, but it is of course inadequate as applied to the course of 
events in Nature, where intermediates of all degrees exist. For example, 
in the regions which chiefly interest the economic biologist, human 
intervention has operated through so long a period and has so greatly 
changed the character of the fauna and flora, that it is practically im¬ 
possible to pick out any area in which (ionditions may be considered 



W. R. Thompson 


309 


absolutely ‘‘natural.” Furthermore, it is difficult to draw any practical 
distinctions between physical factors of control, considered independently, 
and these same factors as prodiujed by the various biotic factors, or to 
decide whether certain domesticated or semi-domesticated animals and 
plants are to be classified as natural or artificial factors. 

It is equally difficult to make any general statement as to the value 
of various types of controlling factors. As has been pointed out in a 
preceding paper^ the natural control of organisms is primarily due, not 
to any complex cosmic mechanisms or regulatory factors, but rather to 
the intrinsic limitations of the organisms themselves. Every organism, 
because of its specific characteristics, has specific needs or, in other 
words, it requires, for the complete realisation of all its powers, a certain 
specific environment, in the absence of which its activity declines. One 
of the characteristics of the optimum environment is, of course, the 
absence of the parasitic and predaceous species to which the organism 
(*onc(‘rned is attractive; but the environment must also possess certain 
definite physical characteristics. Thus, either the presence of one or 
mor(‘ species of inimical organisms or the departure of one or more of 
the ])hysical factors from the optimum intensity, or a combination of 
the two, may })roduce partial or complete control. 

(V)ntrol, considered from the standpoint of the organism, is due 
essentially to inimi(;al influences and can be most easily understood by 
rejnemb(*ring that in this <*ase, as in all others, evil is simply theabsenct^ 
of good. It is thus, so to speak, founded upon a negation, the negation 
of what is good for the organism —and therefore cannot be brought within 
the compass of exact definition. The fact is that the causes of the natural 
control of a given organism differ from point to point over the area it 
inhabits and from season to season. This is true of insects as of other 
organisms. ^Jn one area the rarity of an insect pest may be due to the 
peculiar distribution of the host plant; in another to the ])resen(‘e of 
parasitic enemies; and in^a third, to an unfavourable climate, though 
frequently it will be due to a combination of several such factors, each 
of which i3ontributes to the maintenance of control. 

Whether biotic or physical factors predominate in the control of a 
given species in a given area, investigation alone can determine. Dr L, O. 
Howard once stated, in discussing the value of birds in relation to in¬ 
jurious insects, that if all the birds vanished from the earth, the status 
of insect pests would change very little, because ^>heir insect f)arasites 
and predators would soon increase sufficiently to maintain control. But 
^ Thompson, W. R., “On natural control,” Para^ntologyy 1929. 
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when we consider the matter broadly we may.'gl) even further and say 
that, if all the parasitic and predaceous in>icts disappeared, this would 
not mean the complete release of theit hosts from control. Certain 
changes in the composition of the/hora and fauna, which might have 
temporary economic consequences of a very serious nature, would pro¬ 
bably occur; the relative populations of individuals of certain species 
would alter, but the natural diversity of environments would be quite 
sufficient to prevent any of the species concerned from increasing inde¬ 
finitely. 

Since the complex of environmental conditions responsible for the 
control of insect pests may vary in composition, both quantitatively 
and qualitatively, in different parts of the area inhabited by the species, 
wo may conclude that the measures necessary to re-establish control, 
in the case of an outbreak, will also vary in different times and places. 
It would, therefore, be extremely unwise, especially when we have to 
deal with all of the major pests of a large area, to rely e.xclusively upon 
the methods of biological control for the solution of our problems. The 
method has many advantages, but it is not possible to employ it success¬ 
fully against all pests, nor is it by any means the only weapon in the 
arsenal of the economic entomologist. 

III. The factors of biological control. 

As we have already said, most animals and many protozoa, bacteria 
and fungi, as well as cert.ain of the higher plants, prey upon and dcveloj) 
at the expense of other living organisms, of which they are. therefore, 
controlling agents, so that the number of biotic controlling factors is 
enormous. 

The biotic controlling factors of insect pests, with which we are 
chiefly concerned in this paper, may be classified roughly under the 
following main headings: 

V (1) Disease-producing organisms, including protozoa, bacteria, fungi 
and ultramicroscopic organisms. 

(2) Invertebrate parasites and predators, including nematode worms, 
insects, myriapods, spiders and acarina. 

• (.3) Vertebrate predators. 

In this section the comparative value of the.se factors in practical 
work will be briefly considered. 



Jed diseattfc, are extremely varied in h.. . 

derabie number, especially among the protozoa, are, only 
jenic. * All of them are organisms of relatively simple stuc- 
The orgai<*y small dimensions, which multiply for a long scries of 
ordinarily ca^^ithin the body of the host before causing death, an enor- 
life. A cons^r of individuals being necessary to produce a lethal effect, 
feebly patho** biotic factors, the lethal power of the disease-producing 
ture and relation to a given host, is variable and often increased by 
generations o through that host. 

mous numb< 0 disease-producing organisms are extremely minute and 
Unlike othe omogeneous, or at least simple in structure, their adaptive 
organisms ii W appear to be necessarily limited, so that they can subsist, 
their passaglud pass to new hosts only under certain very special con- 
Since tli^cn hosts are abundant and closely massed together, and 
relatively h|oal conditions are favourable, pathogenic organisms often 
powers woufid spread with great rapidity, producing tremendous epi- 
re})roduce ais, however, extremely difficult to engender these epidemics 
ditions. Wit The organisms which cause them are usually so widely dis 
meteorologi|Nature, that little is gained by disseminating them. If condi- 
multiply aila'VOurable, epidemics occur naturally; if they are not, the 
demies. Itjti of the causative organism does not produce them. Many 
artificially. ^ utilise them practically have been made by entomologists 
tributed iis but no decisive results have ever been obtained. The last 
tions anownups. has not been said in regard to this subject, particularly 
distrife iji tiu ar(‘as, and an investigation of the genesis and conditions of 
atter^llemics among insect pests is highly desirable, but at the present there 
and Jns little hope of utilising the pathogenic enemies of insects in 
woroctical work^. 


^ (2) Invertebrate predators and parasites. 

s(‘ei The organisms of the second group include, in the first place, certain 
pra^/ the nematode worms, of which the most important belong to the 
aOiily Mermithidae . These worms sometimes infest a large percentage 
ff, individuals of certain species, particularly among the Orthoptera, in 
t({hich they often produce a form of parasitic castration and prevent 

^ Paillot, A., MicroorganismCR i>ara8it/eR des inseftes,’' Ann. des Epiphytie^, T. 2, 
fa 1916. 
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The most numerous enemies of insects are the paras»rs are great, 
daceous species of the same group. The vast majority of ^ attempt to 
forms belong to the Diptera and Hymenoptera, though !obb and his 
with this habit are found in other orders. Predaceous € 
occur in many groups. tic and pre- 

The relative value of the parasitic and predaceous cnem .lie parasitica 
has been discussed at some length in a previous paper^, a<,omc species 
be considered further at present. It may, however, be noiixtomophaga 
entomophagous insects, whether parasitic or predaceous, 
most part, comparable in dimensions and reproductive pocs of insects 
species on which they prey. If adaptability is a function Ll need not 
they must be in general as adaptable as their hosts and se^ed that the 
to be equally general in their distribution. They are, therefoiare, for the 
effective and dependable of the organic checks to insect incVers to the 
more regular in their action (or, to put it more exactly, less^){ structure 
slight environmental variations) than the pathogenic micr«iom, in fact, 
and are more rapid breeders than the vertebrates. By far the most 
part of the work carried on in the field of biological control rease, being 
relates to the entomophagous insects and it is with the memtJaffeiited by 
group that the most striking siK’cesses have be(jn obtaim^d. vorgiinisms 


the greater 

(3) Vertebrate predators. | 

The question of the predacjeous vertebrates is more difficullj ba, q{ tbis 
belonging to this group, and birds in particular, undoubted^ devv 
great numbers of injurious insects, which, like other predators, th(‘y o\ 
kill before the hosts have finished feeding, thus providing to some exf 
the same relief as is obtained by methods of mechanical control; nals 
their reproductive power is very small as compared with that of inse^troy 
and their rate of increase, on the whole, much slower. The numbei^tcu 
individuals of any given species is also relatively small in compariA ent 
with those of insects, and there is no reason to suppose that it vartbut 
primarily in function of the supply of insect food, which fluctuates {"-ts, 
rapidly that it is impossible for vertebrates to profit by a temporaSj of 
abundance of it, excepting to a v(*ry limited extent. In order to mal on 
clear the significance of this point, let us imagine a cas(» where we ha ics 
^ Thompson, W. H., Bull. Kvt. Roftearch, xix, Pt 4, March 1929, pp. 343-50. d 
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ten insectivorous birds working on a population of 10,000 insects, of 
which they destroy 100 each, thus accounting for a total of 10 per cent. 
Suppose that, owing to some unusual conditions, the insect begins to 
increase at a rate of four-fold per annum. Unless the absence of food 
has actually been limiting the rate of increase of the birds, the increase 
of the insect considered will not affect their numbers. The number of 
insects they destroy will, therefore, remain constant and the percentage 
they destroy will fall steadily, as shown in the following table: 



Percentage destroyed 

No. of hosts 

G,I 

10 

lO.(KH) 

0. II 

2-8 

36,(XX) 

G. Ill 

0-7 

]40,(XK) 

G. IV 

018 

546,000 


It has. of course, been maintained that, in such cases, the abundance of 
food material attracts large numbers of birds from surrounding areas. 
TIku'c is, however, little evidence that outbreaks of major pests are 
often (controlled in this way, and, on the other hand, it must be noted 
that the (concentration of birds in one area means their disappearance i 
from another, in which the insects controlled by them would be left' 
fre(? to increase, so that what was gained at one point would be lost at 
another. 

It has been (claimed in nncent years that bats can be employed to 
keep down nniny insect [)csts, particularly those which are nocturnal 
fliers in the adult stage; but further investigations have failed to support 
th(\s(‘ claims^. We must therefore (‘onclude that, although vertebrates, 
and particularly siuch mobile forms as birds, bats and lizards, cert.ainly 
exert some influence as biotic factors of control, their regulatory powers 
in relation to insect outbreaks are slight, in spite of the fact that they 
sometimes congr(*gate in areas of high infestation‘s. 

At all events, there is at present no reason for supposing that the 
introduction of native vertebrate enemies of imported food pests would 
have any noticeable effect in checking their increase and spread. The 
protection of indigenous birds, especially the insect feeding species, is 
no doubt desirable on general grounds. But in spite of the claims that 

^ Nelson, E. W., Bats in rolatioii to the production of guano and the dt^struction of 
insects,” Dept, Agrie. Dept, Hull, 1395, Washington, D.O., 1926. 

5* On the question of the value of vertebrates as controlling agents, soo ; Fiske, W. F., 
Parasites of the gypsy and brown-tail moths introduced into Massachusetts^ Boston, Mass., 
1910; Howard, L. O. and Fisko, W. F., Bull, 91, U,S, Dept. Agrtc,,, Bur. of Eni. 1911; 
Strickland, E. H,, “Can birds hold injurious insects in check?” Bcient. Monthlyy xxvi, 
48-56, Jan. 1928; Elton, C., A nimal Ecology, London, 1927. 
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have been made, we have at present no real proof that they are factors 
of major importance in insect control. The majority of arguments so 
far advanced are extremely unconvincing and have in general relatively 
little bearing upon the point at issue. 

IV. The objects of biological control. 

By ‘‘objects” of biological control, we mean the noxious organisms 
to which the methods of biological control may be applied—whose 
control may be effected, or, at least, attempted by utilising other 
organisms which prey upon them. As almost every living creature 
injurious to man, has plant or animal enemies, the number of experi> 
ments it is possible to make in this direction is almost limitless. However, 
as we are here writing for entomologists, we shall consider only the two 
J entomological branches of the work; viz. biologi(;al control of noxious 
insects by entomophagous insects and biological control of noxious plants 
by phytophagous insects, with a view, more especially, to comparing the 
susceptibility of insects and plants to insect attack. Such a comparison 
seems the more necessary, because the idea of controlling noxious weeds 
by means of phytophagous insects, originated apparently by Perkins 
and Koebele in relation to Lantana in Hawaii^, and adopted some time 
later by the Australian authorities against prickly pear®, has in recent 
years become increasingly popular. 

The difference between the problems of the control of insect pests 
and plant pests by insect parasites and predators depends essentially 
upon the fact that the insect, like the majority of animals, is a highly 
individualised and highly centralised organism, with a precisely defined 
form, while the plant is a very feebly individualised and relatively 
amorphous organism. With this difference are correlated many others 
which it is superfluous to mention, and one difference, which is, from 
our present standpoint, of primary importance: difference in suscepti¬ 
bility to injury. 

Because of its highly individualised and closely co-ordinated struc¬ 
ture, the animal, though it has greater powers of action than the plant, 
is more dependent for its continued existence upon the well-being of 
each one of its several parts. The animal is highly mobile, but, if one 
of the outgrowths by which it moves is amputated, its chance of sur- 

^ Perkins, R. L. and Swezey, 0. H., “The introduction into Hawaii of insects that 
attack Lantona/" Hawaiian Sugar Planters' Ass, Bull. 16,1924. 

® Dodd, A. P., “The biological control of prickly pear,’* Journ. Conn. Sri. Ind. Res. 
I, No. 1, Melbourne, 1927. 
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vival is greatly dimmished; the plant is hardly mobile at all, but local 
injury and removal of even a considerable portion of its ill-defined form 
affect it little. In other words, the host of the phytophagous insect is 
more difficult to injure than that of the entomophagous insect. 

Furthermore, the phytophagous insect is usually of relatively small 
dimensions as compared with its host, whereas the entomophagous insect 
often equals or surpasses the host in size, so that the destructive 
capacity of the latter in relation to its host is naturally greater than that 
of the former. The consequence of this is that the action of phytophagous 
insects in relation to the individual host plant must be a great deal more 
intense than that of the entomophagous insect in relation to the indi¬ 
vidual host insect, if they are to exert any perceptible effect as controlling 
agents. Parasitic insects, in general, kill all the individuals on which 
they feed, and though in gregarious species a number actually combine 
to produce the death of a single host, even one of these is usually suffi¬ 
cient to produce death. Predaceous insects, in many instances, kill more 
individuals than they devour, taking from each only a small part of 
the food material it contains. The phjiiophagous insect, in general, v('ry 
seldom kills the host on which it feeds, the combined efforts of an 
exc('ptionalIy large number of individuals being necessary to produce 
death. 

A general study of th(‘ effect of phytophagous insects on vegetation 
has never been made and is greatly needed. However, any biologist 
who has observed the w^ork of plant-feeding species in Nature will admit 
that obvious signs of severe injury are uncommon, while the total 
destruction of plants is extremely rarer 

It is quite true that the damage resulting from the attacks of in¬ 
jurious insects on economic plants is frequently considered to be serious, 
but in this case the importance of the injury is measured chiefly by 
financial loss, or, in other words, in the depreciation in the marketable 
value of the crop. An injury which is relatively slight so far as the 
plant is considered may be of considerable importance financially; and 
except in the case of such exceptional and devastating plagues as locusts, 
army worms and so forth, it is very seldom that insect injury is serious 
in the former sense. 

In order that the action of phytophagous insects may produce con¬ 
trol, the plants attacked must be so severely injured that they are unable 
to survive or, at all events, unable to reproduce or spread. Now, excepting 
perhaps in the case of certain annuals, even complete defoliation is not 
necessarily fatal, while in the case of plants with bulbs, tap roots, or 
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underground runners, as w(dl as those of shrubs or trees, several de¬ 
foliations may be required to cause death. Furthermore, althx)ugh insects 
which feed upon both the vegetative and sexual reproductive systems 
of plants are very common and at times rather abundant, we have at 
j)resent little evidence to show that they are of great importance in the 
limiting of the increase and spread of their hosts. 

The whole practice of biological control is, of course, based upon the 
idea that when a phytophagous insect migrates to a region in which its 
native parasites do not exist, its powers of multiplication and destructive 
capacity increase; and if this is true of the phytophagous inse(its 
attacking noxious plants, it ought also to be true for those attacking 
useful plants; but, as we have already said, the injury })roduced in such 
cases, though often economically serious, is generally below the level of 
what is required for the control of vegetation. 

On general grounds, therefore, phytophagous insects seem to be less 
promising than entomophagous insects, as ag(*nts of biological control. 
They are also more dangerous. It is true that entomophagous insects 
do not always confine their attacks to the pest against which we try to 
use them; but more often than not, the other insects they attack are 
themselves injurious, attacking plants which are useful to man. In 
some (jases, no doubt, introduced parasites or predators may attack 
insects injurious to weeds, but, as we have already said, there is at 
present no definite proof that the role of such insects in Nature is of 
any real importance. When a phytophagous insect, introduced to control 
a weed, moves to a useful plant, the results may bo more serious because, 
in this case, injury quite insufficient to effect control in the technical 
sense may fender the (jrop absolutely worthless in the market. 

The results obtained in Australia by the importation of the insects 
attacking prickly pear and in Hawaii by those attacking Lardana, are 
certainly promising, and so far these experiments seem to have had no 
serious consequences; but, in view of the dangers and the difficulties of 
the problem, it is necessary to be extremely cautious about the extension 
of this type of work to other plants, to make no introductions until 
exhaustive tests have been carried out, and to investigate fully both the 
general question of the role of the insect enemies of weeds and the 
problem of the natural control of these plants in their native homes. 
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V. The ooc^astons for btolook^al control. 

The fundamental requirement for the biological control of a pest, is, 
of course, the existence, either in the area inhabited by it, or elsewhere, 
of biotic controlling factors—parasites, predators or pathogenic or¬ 
ganisms—which are attracted by it, will prey upon it, given the oppor¬ 
tunity, and are capable of multiplying at its expense, in areas in which 
it is injurious. The work undertaken may have as its object either: 

(1) the intensification of the action of natural enemies already 
present in the area; or 

(2) the introduction of natural enemies absent from the area. 

In the second case the natural enemies may be either: 

(a) species normally or occasionally presemt in the area but tem¬ 
porarily absent from it; or 

(b) species never before present in the area. 

In the latter case, the parasites or predators introduced may be cither: 

(i) species of which a known host already exists in the area into 
whi(*h they are brought; or 

(ii) species of which no known host exists in this area. 

In actual practice' the work against a given pest may, of course, 
(*ntail a combination of several of these methods. We may now consider 
tluise various possibilities in order. 

(1) Intensijimtion of the acHon of natural enemies present in the area . 

Suggestions for intensification of the action of the native enemies of 
insect pests were amongst the earliest made by naturalists in respect to 
biological control. f\irby and Spence, in 1816, pointed out the im¬ 
portance of the common English ladybird in destroying the hop aphis, 
and wrote that if it were possible to induce them to increase at will, 
hot houses could be cleared of aphids and hop crops rendered much more 
certain than they ordinarily arc. 

Attempts of this kind may, as Myers^ has already pointed out, be 
considered, in a certain sense, as efforts to extend the process of domesti¬ 
cation to beneficial insects. Practical experiments along these lines have 
been made by gardeners and others for a long time past and are still 
being continued in various parts of the world^. It is impossible to 

* Myers, J. G., “Biological control,” Trop. Agric. vi, No. 6, pp. 163-5, Trinidad, 1929. 

* See; Howard and Fiske, Bidl. 91, U»S. Dept. Agric. Bur, Ent., for a partial account 
of some of the past work of this kind. 
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discuss them in this paper in which only the general aspect of the 
question will be considered. 

Generally speaking, attempts to intensify the action of indigenous 
parasites or predators consist either in a reduction in the numbers of 
the host or an increase in the numbers of its parasite or predator, or in 
the simultaneous removal of the hosts and addition of the natural 
enemies. The effect produced in all these cases is, of course, simply a 
readjustment of the population ratio between the noxious and beneficial 
insects, in favour of the latter, but, in order to facilitate the discussion 
of the subject, it seems best to distinguLsh between the attempt to reduce 
the host population and to attempt to increase the parasite population 
and consider them separately. 

The attempt to encourage parasites and predators by an artificial 
reduction in the numbers of their hosts may be considered to have two 
principal effects, the first of them being a reduction in the damage 
caused by the host insect, and the second being the alteration, in favour 
of the parasite, of the numerical ratio between host and parasite 
populations. 

The practical value of the destruction of the host insect depends 
principally upon: 

(1) The proportion between the number destroyed and the popula¬ 
tion present in the area treated. 

(2) The proportion of the host population for the destruction of 
which the measures adopted are essential, 

(3) The moment at which the destruction is effected, and, in par¬ 
ticular, whether the reduction in the numbers of the host occurs before 
or after the destructive phase in its life history. 

A considerable reduction in the population of the pest must be 
effected in order to produce results of economic significance. A slight 
alteration will have, at best, only slight effects, and it is not likely to 
transform an economic failure into an economic success and make the 
difference between a worthless and a marketable crop. 

The ordinary methods of mechanical control, such as spraying, fumi¬ 
gation and so on, can in many cases be relied upon to produce a reduction 
in the numbers of the pest, sufficient to allow of a crop which can be 
sold at a reasonable profit; but, as a general rule, these methods cannot 
be applied in such a way as to kill the pests without injuring their 
parasites. They do not alter the ratio between the population of the 
pest and that of its enemies and cannot therefore be said to encourage 
the latter. 
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On the other hand, methods of destruction designed as so to reduce 
the host population, but not that of the parasite, arc, in general, laborious 
and expensive. The procedure usually followed is to collect the hosts, 
which are destroyed only after the emergence of the parasites, as in the 
West Indies, where the eggs of the sugar-cane borer arc collected by 
gangs of labourers and preserved until after the issuance of Tricho- 
grammay or, as in the measures suggested by Comstock and others' for 
the encouragement of the parasites of v’^arious injurious insects, by 
collecting chrysalids or pupae and keeping them in boxes covered with 
gauze, permitting the parasites to escape, but preventing the exit of 
the pest. 

In order to estimate the difficulty of carrying out such methods 
efficiently, we may consider briefly a practical example. 

A fairly heavy infestation of the European corn borer (Pyravsta 
nuhilalis Hubn.) may contain over one million larvae of this species 
per acre. This will mean, as a rule, about the same number of egg masses. 
Suppose that in an infestation of this type we decide to collect egg 
masses which will be destroyed after the emergence of any parasites 
which happen to be present. If we estimate the time required to dis¬ 
cover and collect an egg mass at one minute—which is certainly not 
excessive—the collection of 100,000 masses would require the labour of 
20 men, working 8 hours a day for a period of 10 days, and although 
the number of egg masses collected would be numerically large and 
consequently impressive, the value of the work would really be very 
small, as only 10 per cent, of the population would have been destroyed. 

Furthermore, a great deal of the effort exei-tcd would be entirely 
valueless, since a large proportion of the individuals destroyed would 
have succumbed in any event before doing any perceptible damage. 
For example, in an average environment, from 80 to 90 per cent, of 
the larvae of Pyrausia iiubilalis usually disappear shortly after hatching, 
or, at all events, during the very early stages. If we suppose that in 
the field in which 10 per cent, of the eggs are collected, this natural 
mortality would normally account for 90 per cent, of the larval popu¬ 
lation, the total mortality due to the work of the collectors and the 
natural environmental factors taken together will be: 

[0-1 + (1 - 0-1) 0-9] - 0-91, 

or 91 per cent., and the increase in the death rate due to the collection 
of the eggs will only be 1 per cent. The reduction of the damage effected 
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by the collection of hosts in such a case, which is not of an excessiv^ely 
unfavourable typo, would be absolutely negligible. 

As a matter of fact, the methods suggested for encouraging the work 
of parasites by the dcstrucition of their hosts depend in many eases on 
the collection of individuals of the pest after its period of destructiveness 
is over. In such cases, there is, of course, no reduction in damages 
whatever. Therefore, unless the destruction of the host insects can be 
carried out as economically and efficiently as by the standard mechanical 
methods, no great immediate benefit is likely to be derived from the 
procedure. 

However, the real object of the practice described, regarded as a 
method of biological control, is not an immediate reduction in damage, 
but a change in the numerical ratio of the reproducing populations of 
the pest and its enemies. We must now consider whether any appreciable 
benefit can be obtained in this way. 

This question is a good deal more complex than it appears at first sight. 

In the first place, as we have already shown, the change in the ratio 
between the population of the pest and its enemies a(*.tua)ly effec’.ted by 
the collection and destruction of the former, may be much h'ss im- 
j)ortant than the figures indicate, simply because many of the hosts 
would have succumbed in any event, long before the period when they 
are in a stage suitable for attack by parasites and predators. On the 
other hand, the fact that the p«arasites are allowed to emerge in (5ai)tiYity 
in no way increases their effectiveness, unless the measures taken (uisure 
protection from dange^rous hyperparasites, and may even be disadvan¬ 
tageous, because of the increased mortality resulting from the un¬ 
natural conditions obtaining in the emergence cages; so that, on the 
whole, the increase in the proportion of parasites to hosts, may be 
relatively slight, having regard to the work actually accomplished. 

Suppose, however, that a definite change, advantageous to the 
parasite, in the ratio of parasite population to host population is 
obtained. In order to estimate the value of this change, it is convenient 
to consider separately cases in which we are dealing with stable |)opu- 
lations and cases in which the populations are on the increase. 

If the initial number of hosts be — w, the initial number of parasites 
be — the rate of multiplication of the host and parasite be respec¬ 
tively h and and both be considered for the purpose of the argument 
to be parthenogenetic female-producing species, then if we have 

nh — j)s 
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the ratio between host and parasite populations wdll remain stable from 
generation to generation, although the parasite reproduces at the expenses 
of the host and both increase. If we have s I, our equation becomes 

n{h-l) ]), 

and in this event, not only the ratio between the number of parasites 
and hosts, but also the populations themselve^s will remain constant 
from generation to generation. Taking a case of this kind, let us su])})ose. 
that in ev(»ry generation 50 per cent, of the unparasitised hosts are 
destroyed after the emergence of the parasites. In such a case the 
course of events might be as follows: 

G. I. H. - 100 X M no 
P. - 10 > ] •() - 10 

100, of which 50 per cent, are killed, 
leaving 50. 

G. 11. H.50 xM - 55 

P. - 10 > 1-0 - 10 

45, of which 22-5 are killed. 

G. nr. 11. - 22-5 > J-1 24-75 

P. - 10 1-0 10 

n-75, etc. 

G. IV. 11. - 7-37 1-1 - 8-1 

P. - 10 1-0 10 

()¥ 

so that the numbers of the host are gradually diminished through the 
continuous effort. 

Suppose, howev(»r, that with an exactly vsimilar host, having no 
])arasites at all, the same i)rocedure w^as adopted. We should then have: 

G. I. 100 X 1-1 — 110, of which 50 per cent, or 55 are destroyed; 

G. II. 55 X 1-1 GO-5, of which 30-25 are destroyed; 

G. III. 30-25 X 1-1 = 33-3, approximately, of which 16-6 are 

destroyed; 

6. IV. 16-6 X 1*1 — 18-2, of which 9-1 are destroyed; 

6. V. 9*1 X 1*1 10-0, of which 6 are destroyed. 

Thus, the elimination of 50 per cent, of the host would produce, in 
any event, a steady decrease in the population, though the decrease 
and the elimination would be slightly more rapid in the first instance 
because of the additional destruction effected by the parasite. 

21—2 
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Suppose, however, that we had in each generation eliminated 60 per 
cent, of the pest, we should then have: 


G. I. 

100 

X 1*1 == 110, of which 110 X 0-4 ^ 44 remain; 

G. 11. 

44 

X M 48*4, of which 19*36 remain; 

G. III. 

19-36 

X 1*1 =-= 21*3, of which 8*50 remain; 

G. IV. 

8-5 

X 1*1 — 9*3, of which 3*7 remain; 

G. V. 

3-7 

X 1*1 = 4*0, of which 1*6 remain; 

G. VI. 

1-6 

X 1*1 — 1*76, of which 0*70 remain; 


so that extermination would require little longer than when the parasite 
is present. 

Taking now the case in which the population of the host is 
stable but that of the parasite is on the increase, let n -- the initial 
number of hosts and p the initial number of parasites, with a re¬ 
productive rate = s. If there is no artificial elimination of hosts, the 
number of generations required for the extermination of the host 
will be: 


log 




n (s — 1) "f 


logs 


Suppose now we have an elimination of the hosts in the proportion 
of (1 — w) in every generation, after the issuance of the parasite, so 
that w hosts escape {w < 1). 

The time in generations, required for the elimination of the host, 
will then be 


log- 

\n (5 --«<;) + psw) 


[ psw ] 



The comparison of the values for and will give us an idea of the 
practical utility of the destruction of a part of the host population after 
the issuance of the parasites. Put n 100,000, p — 10 and s — 4 and 
give to w the values of 0-9, 0*3 and 0*1, which means that in every 
generation we have 10 per cent., 50 per cent, and 90 per cent, of the 
host population destroyed. We then have: 


w 

1-0 

0-9 

0*6 

0*1 

h 

6-4 

— 

— 

— 

h 

6-4 

6-1 

4*6 

3*1 
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Put y = 1, other values being as before. We have: 


w 

1 

0-9 

0-6 

01 

h 

8-09 

— 

— 

— 

h 

8-09 

7-6 

6-1 

3-7 


Thus in these cases, when 10 per cent, of the host population is destroyed 
in every generation, the time required for control is about 95 per cent, 
of that required when no work of this kind is done. When 90 per cent, 
of the population is destroyed, the time required for control is some¬ 
what less than 50 per cent, of that required when no work is done; or, 
to put it in another way, ten times as much work in destruction of the 
hosts will not produce control ten times as rapidly (or in one-tenth of 
the time), but only twice as rapidly. The extra effort expended in such 
a case may therefore not give a proportionate return. 

It must also be noted, that if the host has reached a condition of 
stability before the work began, the artificial rarefaction of its popula¬ 
tion may produce a more or less marked diminution in the average 
effective reproductive rate of the parasite, because an individual will 
have to cover a much larger area in order to deposit its quota of eggs. 
The greater the proportion of hosts destroyed, the more the effective 
reproductive rate of the average parasite will be reduced, other things 
being equal, and, consequently, the more the process of control will be 
retarded. 

In the case just studied, the reproductive rate of the parasite iwS 
supposed to be four times as great as that of the host. In order to get 
an idea of the value of the operation under discussion, when the difference 
in reproductive rates is less marked, put n 100,000, p w ^ 0*5 
and s — 1*5, 2, 3, and 4, we then have: 

s 1*5 2 3 4 

25 15 10 8 

^2 10 8 6 5 

From these figures we may conclude that, other things being equal, the 
value of attempts to accelerate the process of control by the destruction 
of the host population is most marked when the difference in the re¬ 
productive rates of the host and its natural enemies is slight, which is 
a point in favour of the method, as marked differences in reproductive 
rates are probably unusual in Nature. However, even in these cases it 
remains true that beyond a certain point an altogether disproportionate 
effort is required, in order to produce a definite decrease in the time 
taken for control. 
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The last case to be considered is that in which the populations of 
both parasite and host are increasing. A case of this type has been 
studied in some detail in another paper^, dealing with effects of methods 
of mechanical control on the progress of introduced parasites of insect 
pests, where it was shown that if such methods produce any marked 
destruction of parasites as compared to hosts, the time required for 
control may be considerably increased, but that the effect of favouring 
the parasite is much less marked and produces only a relatively slight 
reduction in the time necessary for control. 

On the whole, therefore, we are obliged to (conclude that methods 
designed with a view to the destruction of unparasitised and the pre¬ 
servation of parasitised hosts are of rather uncertain value and not 
likely, in most cases, to produce results proportionate to the time and 
labour expended. In some cases, as we have seen, the employment of 
such methods may produce a gradual rise in the percentage of parasitism 
in the field, which in practical work might give the imj)ression that the 
parasites are becoming more efficient. It is, however, clear that such 
methods iv vo way help the natnral enemies prcseml, Unless they are pr(‘- 
vented from doing so by the decreas(' in the numbers of their hosts, the 
parasites and predators will continue to de})Osit the same v umber of egys 
and kill the same number of hosts as under normal conditions. The id(‘a 
that in cases of this kind the beneficial insects present an‘ encouraged in 
any way or indeed that this method has anything to do with biological 
control, is a pure illusion. The process is simply a special kind of mechanical 
control. 

The attempt to reduce damage by noxious plants or animals by 
artificially increasing the population of their parasites or predators, 
normally present in the area considered, may be quite properly plac(Hl 
among the methods of biological control. 

The object of attempts of this kind may be either: 

(а) The immediate reduction of damage; or 

(б) The acceleration of the multiplication of the beneficial insect so 
as to diminish the time necessary for it to exert its full effect. 

As we have already pointed out, reduction of damage may be effected 
either by the destruction of individuals of the injurious species before 
they have begun their attack—as in the egg stage in the case of species 
with injurious larvae—or by the destruction of individuals after th(‘ 
injurious phase, to such an extent as to affect adversely the production 
of offspring in the following generation. 

1 Thompson, W. Jl., Bull. Knt. Res. xviri, 13-16, 1927-8. 
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Since the reduction of damage is necessary in order to produce a 
profitable (jrop, it is evident that the effect previously exerted by the 
beneficial insects studied is insufficient. 

In the case of beneficial species only recently introduced, this is often 
due simply to the fact that the initial number of individuals (jolonised 
was small, and that multiplication for many generations is necessary to 
bring the species up to the maximum population capable of (existing in 
the area studied. In the case of indigenous species, on the other hand, 
it usually m(?ans that the average or niyrmal effect exerted by the bene¬ 
ficial species is inadequate and, consequently, that the average and 
normal (jondiiions in the area, keep its jjopulation permanently l)elow 
the |)oint where it is economically efficient. 

Now, whether we are dealing with introduced or indigenous specit\s, 
and whether we hope to reduce damage by preventing individuals 
from reaching an injurious stage or by lowering the rate of reproduction, 
the one thing (‘ssential to success is the production of a really considerable 
increase in the population of the beneficial species considered, in tlui 
field. All that has been said in regard to the destruction of the host 
])opuhition a{)plies with equal force to additions to the pojmlation of 
parasites or predators. Even though the percentage of parasitism is 
<|uite small, the actual numbers of parasites present in a relatively 
limit(Ml area severely inf(‘sted by the host specic^s, may be very large. 
Thus, a moderate infestation of aphids on certain types of plants might 
contain a j)opulation of several millions of individuals per acre; aiid, 
conse(|uently, a parasite population of tens of thousands or even hundreds 
of thousa.nds per acre. In su(‘h a case, in order to produce a measurable 
(dTect in an area of any considerable size—as for example, a J0-acr(‘ 
field- it would be necessary to liberate a very large number of parasites. 
The addition of a few thousand individuals in such an area would, in 
all probability, have no perceptible effect. For example, supjjose the 
population of the lO-acre field comprised 20,000,000 individuals, which 
is well within the bounds of posvsibility for many injurious species—and 
that 10 per cent, of these were parasitised and killed before reaching a 
d<‘.structive phase in their life history. In such a field the addition of 
10,000 parasites would mean only an increase of one-twentieth of 1 per 
cent, in the percentage of parasitism and could have absolutely no 
economic significance, although the expenditure involved in producing 
10,000 parasites might increase the cost of production consider¬ 
ably. 

The attempt to accelerate the progress of an introduced parasite by 
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liberating additional colonies year after year, following the establishment 
of the species, may have equally little effect. 

Let us suppose, in the first place, that the reproductive rates of host 
and parasites are equal. In this case, as has been shown in previous 
papers (using the symbols employed in preceding pages), the time t, in 
generations required for control, will be 



In such a case the length of time required for the increase of a beneficial 
species to the point where it exerts its maximum effect depends directly, 
other things being equal, on the numbers of parasites liberated. A colony 
of 100 parasites will control the host in one»tenth of the time required 
by a colony of 10 parasites. Suppose, however, that we have 10,000 
hosts and 1000 parasites, with equal reproductive rates. In this case 
the host will be exterminated in 10 generations. If now, after the first 
generation, we liberate an additional 1000 parasites in every generation, 
the acceleration of the process of control, though definite, will not be 
as great as one might expect. The liberation of an additional 1000 will 
result in control in seven generations, but even when the liberations are 
continued until 5000 extra individuals have been released, six genera¬ 
tions will still be required for control; the effect produced by the libera¬ 
tion of the third, fourth, fifth and sixth thousands being practically 
negligible, though the cost of operations might be greatly increased by 
the collection of this extra material. 

When the reproductive rate of the parasite is superior to that of the 
host, the time t, in generations, required for control is 

log a 

when we have s — ah and a > 1. 

In such a case, the length of time required for the increase of a parasite 
to a point where it exerts its maximum effect, is relatively little affected 
by variations in the size of its population as compared to that of the host. 

Thus put n - 100,000, a - 1-5 and p - 1000, 5000 and 10,000. We 
obtain for the value of t, 8*7, 5*0 and 3*5 respectively. Even though 
the parasite population is increased ten-fold, the time necessary for 
control is still more than one-third of that originally required. If now, 
taking the first case, we liberate after the first generation 1000 addi¬ 
tional parasites in every generation, the acceleration of the process of 
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control will be extremely slight. The liberation of seven additional 
thousands will reduce the time required for control by less than a single 
generation. In such a case the expenditure required to make additional 
introductions, after the establishment of the parasite, would be almost 
completely wasted. The more rapid the increase of the introduced 
parasite as compared with that of the host, the less will subsequent 
introductions affect the progress of events. 

The importance of this point is considerable. Parasites having only 
the same effective rate of increase as the host are of little practical 
interest, because the colony it is ordinarily possible to introduce is very 
small in proportion to the host population and requires an enormous 
time to increase to a point where it exerts any perceptible effect. It is, 
nevertheless, only with such species that repeated introductions can 
have any influence on the time required for control. The parasites, which 
reproduce more rapidly than their hosts, may be of great economic 
importance, but the effect of repeated introductions upon their increase 
is practically negligible. In short, we cannot help the useful species, 
while the species w^e can help are not useful. The only case in which 
repeated introductions are likely to be of any value is w^hen a pest is 
present in several distinct colonies, separated by unpopulated areas or 
geographical barriers, over w'hich the introduced parasites cannot pass. 

Anything in the nature of encouragement of beneficial species, 
already present in an area, seems thus restricted to indigenous species. 
The only way of enhancing the value of such species is to produce 
artificially a considerable increase in their numbers in the field. 

The possibility of producitig*«ich an increase is obviously limited in 
several ways. 

Thus, a species, w’^hich can be used in the laboratory only during the 
period w'^hen it breeds in Nature, could not be profitably handled unless 
it were possible to bring about a decided increase, either in the number 
of generations or in the number of progeny iiitroduced. The former 
possibility may at once be rejected, for it is seldom, if ever, possible to 
bring about an acceleration of developmental processes sufficient to 
allow of any marked increase in the number of generations normally 
produced. A marked increase in the number of progeny coming to 
maturity in Nature can probably be obtained in many cases by careful 
methods of rearing, especially with species having wasteful methods of 
reproduction, such as the Tachinids, which deposit eggs or larvae upon 
leaves or in the neighbourhood of the host; but even here the repro¬ 
duction of a number sufficient to increase the population in the field to 
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a considerable degree, over a large area, would be extremely difficult 
and expensive. Furthermore, even if such a thing were possible, it would 
not necessarily be advisable. Thus, it would be of little value to liberate 
additional individuals of a parasite before a period or season in which 
adverse climatic or agricultural factors ordinarily cause the death of a 
large proportion of the population. 

About the only beneficial insects we can ‘‘encourage” are, therefore, 
such species as can be bred easily and continually during periods when 
they are dormant in Nature, and their hosts either dormant or at least 
not present in a stage attacked by the parasite or predator reared. In 
order to carry on this breeding work a plentiful supply of hosts in the 
stage required must be available, and these hosts must be such as are 
easily and rapidly bred upon food material which is inexpensive and 
easy to procure. Thus, suppose we are dealing with a parasite attacking 
the larvae of the Oriental peach moth. Even if we could breed this 
insect during the winter, it would be quite unprofitable to do so if we 
had to supply it with larvae of the peach moth, reared for the purpose 
in peach shoots, grown in greenhouses or on peaches preserved in cold 
storage. The cost of such an experiment would, in all probability, far 
exceed the extra profit obtained by the work of the parasite reared. 

Several successful, or at least promising, attempts in this direction, 
have been made. In California, the citrophilus mealybug is now con¬ 
trolled by liberating, in the beginning of the season, (colonies of the 
ladybird, Cryptolaemus, which is bred throughout the winter in special 
insectaries. The food of the predators in this case, is the mealybug itself, 
but the cost of the operation is reduced by rearing the lattiu upon 
potato shoots. In England, Speyer^ has for several years successfully 
reared Encarsia formom, a Chalcid parasite of the greenhouse white-fly, 
on a large scale, for distribution to greenhouses in early spring, when 
fumigation sufficient to kill the white-fly is injixrious to many }>lants. 
By an ingenious use of plants, unattractive to the parasii/C but attractive 
to the host, in combination with plants attraxjtive to both, Speyer has 
bred Encarsia upon its normal host in enormous numbers; a most 
interesting and valuable achievement which has not yet received the 
attention it deserves. The latest development in this direction is the 
large scale breeding of the ubiquitous egg parasite, Trichogramma, for 
use against insects like the codling moth, the Oriental peach moth and 
other lepidopterous pests. In this case the egg parasite is bred throughout 
the winter on the eggs of one of the Lepidoptera breeding in stored 
* Speyer, E, R,, “The greenhouse white-fly,” Journ, Hoy, JJort. Hoc, uv, IH 1, 1929. 
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productB, such as Ephestia or Sitotroga, which can be reared with very 
little trouble on a colosBal scale. By the use of ingenious devices, which 
have been described in a number of recent papers, a daily production 
of 1,000,000 Trichogramnia has been reached, and there is no doubt 
that much larger numbers can be produced, since various phases of the 
work have now been standardised so that it can be carried on by a 
relatively unskilled assistant. The object in view in most cases is the 
liberation of large populations of the parasite in the field in the spring, 
at a time when its numbers are ordinarily small owing to the mortality 
during the cold or arid season. No really conclusive results have so 
far been obtained, but the prospects seem, on general grounds, to be 
better than in any project of this kind yet put forward, since it fulfils all 
the conditions we have seen to be necessary for success. It is true that 
there is in many Lepidoptera a high natural mortality in the early stages 
of larval development, so that the effect of increasing the percentage of 
parasitised eggs is muc^h less than might be imagined; but this is to a 
great extent offset by the fact that the individuals destroyed are 
(diminat(‘d before they reach a destructive stage in their life history, 
so that the reduction in damage is immediate. 

Time alone will show whether it is possible to increase the efficiency 
of any other types of parasites or predators in their native environments. 
It is of interest to note that one worker^, who has experimented along 
this line, has found it possible to rear ladybirds on artificial food. If this 
method could be perfected and utilised prac^tically, the large scale juo- 
duction of these useful insects might be possible. 

At all events, it will be clear from what precedes that the ‘‘cn-| 
couragement” of native parasites and predators, though obviously! 
possible only under certain very definite conditions and necessaril}! 
restricted to a relatively small number of beneficial species, has never4 
theless great possibilities, which have not yet been adequately examined 

(2) Introduction of natural etiemies absent from the area, 

(a) With a known host in the area, 

(i) Natural enemies not hitherto present. The most important develop¬ 
ments in biological control in modern times have been in the introduc¬ 
tion of beneficial species into regions in which they have never before 
existed or are, at least, temporarily absent. 

As is well known, the inception of this type of work is due to the 
arrival in various countries, of pests from other regions, which have 
» Merritt Hawkes, 0. A., Proc, Zool, Soc. pp. 475-90, London, 1920. 
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been introduced unaccompanied by the beneficial insects, which attack 
them in their native homes, and have increased rapidly to the point 
where they have become serious pests. In former times, when transport 
was very slow, and the practice of shipping food materials in cold storage 
was unknown, opportunities for the migration of injurious insects were 
not really very numerous. The modern development of rapid transport 
and cold storage allows of the exchange of food products between far 
distant points. The growth of world trade has permitted and fostered 
cosmopolitan tastes and requirements, which in turn further stimulate 
commerce between the various parts of the globe. The modern develop¬ 
ments in transport and food preservation permit injurious insects to 
traverse, with relative ease, geographical barriers that were formerly 
impassable, under conditions which are exactly what they require. The 
rapid methods of locomotion bring them to new food supplies before 
the material in which they are being carried is exhausted, the cold 
storage facilities enable them to make the journey in a dormant state 
so as to issue in an active and healthy condition in their new home. 
As an example of the process it will be enough to say that, according to 
Herrick^ of the 73 worst pests existing in North America over one-half 
have been introduced from foreign countries. 

The attempt to control a pest of this type by introducing the bene¬ 
ficial organisms which prey upon it in its native home is based, of course^, 
upon the supposition that the natural enemies play an import/ant part 
as controlling agents in the country of origin, and that the increase and 
spread in the new home is due to their absence. 

It is highly improbable that this simple hypothesis applies to all 
cases. As we have already said, control, whether partial or complete, is 
due simply to a departure from optimum conditions and may, conse¬ 
quently, be brought about in a great many ways. The complex of con¬ 
trolling factors differs in composition in different parts of the native 
home. The same parasites do not always exist at all points, and those 
that do often vary tremendously in importance in different zones. In 
some regions the effect of parasites is unimportant as compared with 
that of physical factors or cultural practices. 

On the other hand, conditions usually vary considerably in different 
regions of the new home. The imported insect is not always ^uniformly 
destructive, being in some districts completely controlled and in all 
partially controlled by environmental factors. In other words, we have, 
both in the old and new homes of the pest, a vast number of complexes 
^ Herrick, G. W., Manual of Injurious Insects, New York, 1925. 
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of controlling factors. The controlling complex of the old home is not 
always A, and that of the new home always (A-K); it may be, in the 
old home, A, B, G, D, etc., and in the new home B, D, F, G, as chance 
will have it. The difference between the controlling complexes of the 
old and new home is not a constant difference. Thus, although in the 
new home, considered as a whole, the imported pest increases and 
spreads, while in the old home it does not, it is difficult to conceive that 
this difference in its behaviour can have any simple and uniform cause. 

Fortunately, however, the attempt to deal with the pest by the 
methods of biological control is in no way dependent on the solution of 
the difficult and delicate problem of the causes of its increase. Whether 
the parasites and predators, which attack the pest in its native home, are 
major or minor factors of control, and whether the increase in the new 
home is due chiefly to their absence or to a diminution in the intensity 
of some physical or cultural factor, is from the standpoint of the parasi¬ 
tologist, of relatively little importance. If parasites and predators attack 
the insect in its native home, he is quite justified in introducing them, 
since if they become acclimatised, they are certain to produce some 
diminution in the rate of increase and destructive powers of the pest. 

A detailed study of the methods and practice of biological control 
cannot be undertaken in this paper. Certain authors have elaborated 
and published rules for the choice of beneficial species in work of this 
kind, but such rules are, in my opinion, of very little practical value. 
It is usually impossible to predict with any assurance the behaviour of 
an organism in a new environment, or to deduce, from observations on 
a parasite or predator in its native home, whether ft will be a factor of 
minor or major importance in a new country. 

It is sometimes asserted that if two species of parasites or predators 
tend to enter into conflict—as, for example, when one is capable of 
developing not only at the expense of the host but also as a hyper- 
parasite of .the other, only one of these and, preferably, the one which 
is an obligatory primary parasite, should be introduced. Pemberton 
and Willard^ and, later, Willard and Bissell® have claimed that Opius 
humilis, the Braconid parasite of the Mediterranean fruit fly, introduced 
by Silvestri into the Hawaiian Islands in 1913, has been greatly reduced 
in effectiveness by two other fruit-fly parasites of the genus Diachasnia, 
the larvae of which invariably destroy those of Opius, when both occur 

* Pemberton, C. E. and Willard, H. P,, Journ, Agrk, Res. Washington^ D \ xrv. 
No. 13, 1918. 

* Willard, H. F. and Bissell, T. H., Ibid, xxxin, No. 1, 1926. 
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in the same host. According to the authors cited, Opius alone would have 
done more good than is now accomplished by this species and the two 
Diachasma working together, because of the loss through competition. 

The data put forward by Pemberton, Willard and Bissell in support 
of their conclusions have, however, been subjected to a (careful critical 
examination by H. S. Smith^ in a recent paper dealing in a very compre¬ 
hensive and thorough manner with the whole subject of multiple para¬ 
sitism and its relation to biological control. In this paper Smith shows 
that on theoretical grounds, as well as on the data so far available, the 
policy of entomologists in introducing all available primary parasites of 
an injurious species is justified, and urges that it be continued. 

The results of numerous dissections of a great variety of native insects 
made by the present writer during the course of a number of years’ work 
on parasites, strongly support the conclusions of Smith. Parasites, like 
their hosts, are undoubtedly narrowly restricted in their increase and 
distribution by envionmental factors, but competition amongst species 
is certainly one of the least important of such factors. So far as the 
writer’s experience goes, encounters between individuals of the same 
species are, on the whole, a great deal more frequent and a great deal 
more detrimental to its welfare than competition with other species. 
The difference in the habits and structure of different species tends 
naturally to produce a difference in distribution and thus diminishes the 
chance of conflict. 

Therefore, in spite of the difficulties it entails, both in the collection 
of material and the study of results, the establishment of all the primary 
parasites of an introduced species it is possible to obtain seems advisable, 
although it seems best, on general grounds, to make the introductions 
successively, rather than simultaneously, bringing in new species only 
after the effect of those already established has been determined, 

(ii) Natural enemies hitherto present, A special subdivision of the 
work in transferring beneficial insects from one area to another concerns 
cases where the absence is temporary, the species in question having 
inhabited the area in the past. A good example of this type of work 
was the distribution to farmers by S. J. Hunter of Kansas of Lysiphlebus 
triticiy the Braconid parasite of Toxoptera graminum or “Green Bug,” 
in 1907 and 1908^. According to this author, the green bug becomes 
active in spring at a lower temperature than its parasite and is carried 

^ Smith, H. S., “Multiple parasitism: its relation to the biological control of insect 
pests,” Bull, Ent, Rea, xx, Pt 2, pp. 141-9, August 1929. 

* “The Green Bug and its natural enemies,” BvU^ Vniv, Kamaa, ix» No. 2, 1909. 
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by the wind to regions where the latter is absent and to which it does 
not follow the host until the latter has already become so abundant as 
to cause serious damage. He claimed that, by the artificial distribution 
of the parasite, this delay could be eliminated and the host held in check. 
However, the report published by Hunter, though containing much 
interesting data, provides no satisfactory evidence in support of the 
statement that the green bug is able by migration to escape from its 
parasites. According to Howard and Fiske (Lc.), elaborate experiments 
along the same lines were made by Webster but no definite results were 
obtained, because the parasite, which develops in other species of plant 
lice, occurs naturally throughout the whole range of the green bug. 

It is possible that the importation of parasites normally present in 
an area may under certain exceptional conditions be useful or even 
necessary. There are, however, two serious difficulties connected with 
this type of work. In the first place, it is extremely difficult to be certain 
that the species introduced is really absent from the area, especially if 
the examination is made at a time during which it is inactive. Anyone 
who has attempted to find hibernating insects knows that in many cases 
the most careful search fails to reveal them m areas in which they are 
known to be present and appear in large numbers as soon as conditions 
become favourable. In the second place, when species are temporarily 
rare in an area or absent, from it, the reason usually is that conditions 
are temporarily adverse to it, and tend to maintain a low population 
level. Under such circumstances attempts to reintroduce the species or 
artificially increase its population are not likely to give any good results. 

The only cases in which reintroduction is justified are those in 
which some catastrophic factor of a very unusual type—such as an 
abnormal drought or an exceptionally hard winter—has practically or 
absolutely exterminated a beneficial insect in a region so situated that 
re})Opulation from adjacent areas in which it still occurs, is impossible, 
or can occur only very slowly owing to the existence of barriers of some 
kind. It is obvious that a very careful preliminary study is desirable 
before any great expenditure is made on projects of this kind. 

(6) With no known host in the area. 

When the economic entomologist has to deal with a very injurious 
pest, which is indigenous and only partially controlled by its native 
parasites, he may attempt to rectify matters by introducing entomo- 
phagous insects attacking pests belonging to allied species which exist 
in other countries. 
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If the beneficial insects introduced are extremely specific in their 
host relations they will, of course, be unable to establish themselves on 
the allied host. However, a large number, and perhaps the great majority 
of parasitic insects, arc capable of developing in hosts belonging to many 
species. The fact that imported insects, as for example the Oriental 
peach moth, are sometimes fairly heavily attacked by native parasites, 
shows that the host-parasite relationship is often flexible enough to 
bring together species never associated in the past. It has sometimes 
been stated that polyphagous parasites are, in general, of little im¬ 
portance in natural control; but there does not seem to be any solid 
ground for this assertion. The importance of Compsilura concinnata and 
Apanteles glomeraius as controlling agents and the evident unimportance 
of such specific parasites as the dipterous enemies of myriapods and 
woodlice, proves that the degree of specificity is not always a reliable 
index to the value of a parasite or predator as a controlling agent. In 
the opinion of the writer, the transfer of beneficial insects to regions in 
which possible hosts exist is a quite promising field for investigation. 

VI. The results of experiments in biological control. 

In spite of the numerous experiments which are being made in 
biological control, we seldom find in articles treating of this subject 
any clear cut statement as to the results that may be expected. It 
therefore seems worth while to devote a little space to the analysis of 
the action of entomophagous insects from the economic standpoint. 

The starting point of experiments on biological control is practically 
always the same and consists in the liberation, in an area containing 
vast numbers of host^ insects, of a small number of individuals of a 
beneficial species. It is clear, and is generally realised, that no results 
of great economic importance can follow until the beneficial species has 
overtaken’^ the host or, in other words, until the difference between 
the populations of the host and parasite has very greatly decreased. To 
make clear exactly what may be expected under various conditions, a 
more detailed survey of the subject is necessary. 

At the moment when the beneficial insect is liberated the host 
insect may be: 

(1) Still increasing in numbers; or 

(2) It may have increased to the limit permitted by environmental 
conditions so that its population remains stable, or, at most, oscillates 
around a certain average figure. 
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If the host population is increasing—as in the initial period of an 
invasion—then, as has been shown in previous papers, the parasite will 
never overtake the host, unless the effective reproductive rate of the 
former is equal to or greater than that of the latter. If the reproductive 
rates of the host and parasite are equal, the parasite will eventually 
overtake that host, but the process will be very slow, the number of 
generations required for control being found by dividing the number of 
reproducing hosts by the number of reproducing parasites—other things 
being equal; so that a colony of 1000 parasites will require 1000 genera¬ 
tions to overtake a population of 1,000,000 hosts if the effective rates of 
increase of the two are equal. If the reproductive rate of the parasite is 
greater than that of the host, the time required for control will be 
considerably lessened. A slight superiority in reproductive rate, other 
things being equal, confers a great advantage. Thus a population of 1000 
parasites, reproducing one and a half times as fast as the host, will 
overtake a pest having a population of 1,000,000 in only 14 generations. 

Under the conditions postulated, and supposing that all of the 
individuals of the host are accessible to attack by the parasite intro¬ 
duced, the moment when the parasite overtakes the host will, theoreti¬ 
cally, be marked by the total extermination of the latter, followed by 
that of the parasite, or in a practical case, by a great reduction of the 
host population, after which the parasite population would also be deci¬ 
mated owing to the rarity of hosts, the condition thus produced forming 
the point of departure of a new cycle of development. 

However, in spite of the fact that the host is ultimately exterminated 
by the parasite, and that the percentage of hosts destroyed increases 
from generation to generation, no reduction whatever in damage will 
be produced until the generation in which extermination occurs. On 
the contrary the host will steadily increase in numbers and consequently, 
in destructiveness, and though its rate of increase from generation to 
generation will be gradually diminished, the general situation, con¬ 
sidered from an economic standpoint, will steadily become not better, 
but worse and worse until the climax is reached. 

It is true that certain types of entomophagous insects, such as the 
egg parasites and some of the predators, destroy their hosts before they 
have reached the destructive stage, whereas others and indeed the great 
majority, do not produce death until after the feeding period. Those of 
the former type will of course slow down an increase in destructiveness 
slightly more than those of the latter type. A pupal parasite, or one 
issuing from the full-grown larva simply prevents its host from repro- 

Ann. Biol, xvn 22 



3S6 The Primiples of Biological Control 

ducing; an egg parasite not only prevents it from reproducing but also 
prevents it from doing any damage. Nevertheless, in the particular case 
we are considering, the presence and increase of the parasite will not 
prevent the increase in numbers and destructive power of the host. 
The increase in damage will indeed be less than it would be if the parasite 
were not present, but it will be distinctly greater than it has been in the 
past periods when the parasite was not present. 

If the host population has reached its maximum and become stable 
and the introduced parasite or predator is capable of increasing in its 
new home, then immediate benefit may be expected, provided that the 
reproductive power of the host has not been checked because its popu¬ 
lation is too large for the area (in which case the loss from parasitism 
might, at least for some time, be counterbalanced by the increase in 
reproduction due to the fact that more spots are available for the 
offspring) and provided also that the individuals destroyed will not 
naturally succumb, even in the absence of the parasite, through the action 
of other controlling factors (in which case the action of the parasites 
would have no effect until they became abundant enough to kill indi¬ 
viduals which would otherwise survive). If the host is killed in the pre- 
destructive stage, the diminution in the damage produced vrill naturally 
be more rapid than when it is killed at the end of the destructive phase 
in its life history. But in any event, under favourable circumstances, 
the action of the introduced parasites or predators on hosts with stable 
populations should produce an immediate if gradual reduction in eco¬ 
nomic damage. 

It is, however, not to be expected that the reduction in damage 
effected by any single species will occur uniformly over the whole of an 
infested area. Neither entomophagous nor phytophagous insects are 
capable of existing in every point in which food material is available and 
different species utilising the same food frequently differ greatly in their 
distribution. Therefore, even though the introduction of a parasite 
produces beneficial results at one point, it may be of little value in 
another, so that not only may it be necessary to search for and introduce 
other entomophagous enemies of the pest, but it may also be essential 
to supplement their efforts with the methods of mechanical, chemical 
or agricultural control. The methods of biological control have in many, 
cases proved their value, but they are not infallible; and there is no 
reason to suppose that they will ever supplant all other methods of 
combating insect pests. 
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^ VII. Summary. 

1. In view of the rapid development of practical experiments in 
biological control, a general survey of the subject seems desirable. The 
foregoing paper designed to meet this need contains a discussion of the 
nature of biological control, the character and practical value of biotic 
controlling factors of various types, the pests to which the method can 
be applied, the situations in which it can be utilised and the results 
that may be expected from it. 

2. By control we mean a check on the increase of an organism brought 
about by any cause whatever. By biological control we mean the re¬ 
duction of the rate of multiplication of an organism effected through th(i 
agency of other organisms as distinct from non-living factors. 

3. There is no necessary connection between control as a biological 
phenomenon and control in the economic sense. 

4. The complex of factors responsible for the control of an organism 
differs in composition both qualitatively and quantitatively in the various 
districts inhabited by it; the me<asures necessary to re-establish control, 
in the case of an outbreak, will also vary in different times and jdaces. 
It would, therefore, be unwise to rely exclusively upon the methods of 
biological control for the solution of entomological problems. 

5. The main factors of the biological control of insect pests are: 
(1) Pathogenic organisms; (2) Invertebrate parasites and predators; 
(3) Vertebrate predators. 

6. Pathogenic organisms are sometimes very effective but practically 
impossible to manipulate successfully. Among the parasitic and pre¬ 
daceous Invertebrates, the entomophagous insects are by far the most 
important and the most useful. Vertebrate predators apparently play 
only a minor part in the control of insect pests, and there is little 
indication that they can be utilised in practice. 

7. The control of insect pests by the use of entomophagous insects 
seems, on the whole, much easier to bring about than the control of 
plant pests by phytophagous insects, in the first place because the insect 
is much more susceptible to injxiry than the plant, and in the second 
place because the entomophagotis insect, being of about the same size 
as its host, is capable of inflicting greater injury than the phytophagous 
insect can inflict upon the host. 

8. The attempt to control plant pests by phytophagous insects is 
more dangerous than the attempt to control insect pests by entomo¬ 
phagous insects-, because if the phytophagous insect changes its host 

22—2 
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after introduction it may attack a useful plant, whereas the entomo- 
phagous insect, even if it does attack hosts other than that against 
which it was introduced, is not likely to attack any beneficial insect. 

9. The object of work in biological control may be cither: 

(i) the intensification in the action of natural enemies already present 
in the area; or 

(ii) the introduction of natural enemies {a) temporarily absent from 
the area; or (6) never before present in it. 

In the latter case the species introduced may be either (i) species of 
which a known host already exists in the area; or (ii) species of which 
no known host exists in the area. 

In general, the most promising type of work concerns introduced 
species from other areas, though valuable or, at least, promising results 
have been obtained in the work with certain established species. 

10. The results which may be expected from experiments in bio¬ 
logical control depend primarily (other things being equal) on whether 
the host is increasing in numbers or not. If it is increasing, the increase 
of the parasite at its expense will not cause a reduction in damage or 
a decrease in numbers, which will not occur until the parasite has over¬ 
taken the host. If the host population has become stabilised, then th(* 
increase of the bene^ficial species at its expense will give immediate relief, 
though this may be slight at first. The reduction of damage will continue 
until the rarefaction of the host population begins to cause a diminution 
in the effective reproductive rate of the parasite, after which the host 
population will again increase for a time. 

11. Generally speaking, no one species of parasite or predator is 
likely to bring the host under control over the whole of the infested area. 
To produce this result, the introduction of additional species will usually 
be necessary, while in many cases, their efforts must be aided by th<‘- 
methods of agricultural, chemical or mechanical control. 


{Received October 1929.) 



339 


ON THE BIOLOGY OF THE GALL-MIDGES (CECI- 
DOMYIDAE) ATTACKING MEADOW FOXTAIL 
GRASS {AL0PECURU8 PRATENSI8), INCLUDING 
THE DESCRIPTION OF ONE NEW SPECIES 

By H. F. BARNES, B.A., Pii.D. 

{Entomology Department, Jiothamsted Experimental Station.) 

CONTENTS. 

TAtiE 


1. Introduction.331) 

2. Methods.340 

3. SjH^rics of midges involved and their distribution .... 341 

4. Keys for identification of larvae, pupae and adults .... 344 

r>. Jjaspunru (doperun {lU^uier) .344 

6. Sfcnoihplosis gmtvulaU Reuter.350 

7. Contarinia merceri n.sp.. . 352 

8. LcModfploMis spp.. 350 

1). Parasites.350 

10. Relative infestation and freijuency of the different sjiecies of mid^i* . 357 

11. 8ize of meadow foxtail gras.M heads in different localities . . . 3()0 

12. Effect of manuring on midges and grass.301 

13. Control.303 

14. Summary.305 

Ref<*rence‘s ............ 300 


1. Introduction 

Meadow fo.xtail grass {Alopecurus pratensis) was formerly used to a 
coiisidorablo extent in seed mixtures for pasture and meadow land. 
Latterly, however, its use has greatly diminished and timothy or meadow^ 
cat’s tail grass {Phleum pratense) has taken its place. One important 
reason for this change was that seed merchants had difficulty in supplying 
good meadow foxtail seed. This failure to be able to obtain good seed 
was due to the very large percentage of the florets that either appeared 
to the seed testers to contain grubs or else appeared to be completely 
empty, either of seed or anything elseL The grubs that are present are 
larvae of the Dipterous family Cecidomyidae and may be either one or 

^ Cf. Cockayne (1916): “The lowness of germination in generally duo to the fact that 
all lines, although well cleaned from the point of view of extraneous seeds, contain a 
large percentage of empty husks and immature kernels.” 
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both of two species. One reason for the enormous prevalence of empty 
florets or blind seed cases is the fact, as will be shown later, that a third 
species of gall-midge larvae inhabits the florets only for about 3 to 5 
weeks during the summer, and then migrates to the soil. Hence all that 
the seed testing station would receive would be empty florets and 
immature kernels. 

At present most of the seed that is used in this country comes from 
Scandinavia and Finland where they also have the midges present, 
while Russia and Holland also export a little. 

This study was commenced in 1926 when Prof. S. P. Mercer of the Seed 
Testing Division, Queen’s University, Belfast, sent some infested seed 
to have the larvae identified. It was therefore started while the writer 
was at the S.E. Agricultural College, Wye, under the late Mr F. V. 
Theobald and continued at Rothamsted under Dr A. D, Imms. The 
writer wishes to thank these three persons for their help and advice and 
to all who have been good enough to send samples of the grass, without 
whose assistance this study could not have been done. 

2. Methods. 

Letters were sent to persons living in various parts of Great Britain 
requesting them to send about 100 heads of the grass. As soon as these 
samples were received, ten heads were kept apart in order to estimate 
the number of florets in the sample of foxtail. The remaining heads were 
placed on soil in flower pots and covered with a lamp glass, which in 
turn was covered on top by muslin sewn to an iron ring. These pots were 
placed' in the insectary and watered at intervals. The emergence of 
midges and parasites was observed for 12 months or more. In this way 
the distribution of the midges and parasites was noted, as well as the 
degree of relative infestation. 

In order to ascertain the amount of success in rearing midges from 
such material, similar pots containing 1000 larvae of known species 
were set up. This also provided a means of discovering what species of 
parasite attacked any particular species of midge. 

For the experiments concerned with oviposition and duration of the 
egg stage, plants were put in muslin covered pots before the midges 
started emerging, thus making certain they were free from any attack, 
and midges of known species put in at intervals. 

Emphasis should be laid on the large number of field observations 
nuide as a control to those conducted in the insectary. These field obser¬ 
vations are considered most essential. 
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3. Species of midges involved and their distribution. 

Two species of midges have been known for a number of years^ to 
prevent the seeding of meadow foxtail grass, namely, Dasyneura 
alopecuri (Reuter) and Stcnodiplosis geniculati Reuter, both first described 
from Finland in 1895. A third species, Contarinia merceri n.sp., is here 
described for the first time. A possible reason why this midge has been 
previously overlooked is the fact that the larvae do not overwinter in 
th<* seeds and so do not appear in seed samples. It appears to be present 
in far greater numbers than the two other species and also to be respon¬ 
sible for the so-called blindness” of such large quantities of the grass. 

In addition, at least one species of Lestodiplosis, possibly two, is to 
be found occasionally in the flower heads. 

Distribution. 

These midges seem to flourish wherever meadow foxtail grass grows. 
They are to be found throughout the British Isles and are found in 
Finland, Denmark, and one species at least in New Zealand. A detailed 
survey of their distribution in England has been made, and from the 
accompanying table it will be seen that in every sample received (except 
in one from Surrey) at least one species of midge larva occurred. It 
will also be seen that the most prevalent species is C. merceri, while 
D. alopecuri is next in abundance. 

Samples have also been received from Denmark, Finland, Scotland, 
Ireland, the Isle of Man, the Orkneys and Majorca. In the two last- 
named samples no midge larvae were found, yet there was a very large 
number of empty florets indicating the probability that C. merceri had 
been present. The results of examining the other samples is to be found 
under the separate species. The absence of any of the midges in any one 
sample may be due to collecting the sample at a date when all the midges 
are not present in the seeds; thus, it must not be inferred that C. merceri 
is not present in Langwathby, Cumberland, it is more likely that the 
larvae of this species had “jumped” to the ground by July 21st, 1928. 

' The first known record of foxtail grass seed being damaged by midge larvae is as 
follows: Mr H. Gibbs, at a meeting of the Royal Agricultural Society of England held on 
May 5th, 1841, stated “all the Foxtail-grasses were more or less subject to be infested 
with a small orango-ooloured larva which preyed upon the germ, and destroyed the vitality 
of the seed to such an. extent that in most cases not more than one seed in a dozen ever 
vegetated on sowing” {Gardeners' Chronicle, r, 311, 1841). 
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Table T. 


Survey of distributiou. of midges in England. 


County 

Locality, date and 
collector’s initials 

D. alopecuri 

C, mercari 

S. geniculati 

Bedfordshire 

Honlow 

X 

X 



6. vii. 29, A.D.I. 
Biggleswade 

X 

X 



6. vii. 29, A.D.I. 

Bedford 


X 


Berkshire 

7. vii. 29, C.W.H. 
Reading 

X 

X 

X 

Buckinghamshire 

8. vii. 29, F.O.M. 




Cambridgeshi re 

Cambridge 

X 

X 

X 

(Cheshire 

2. vii. 29, R.H.B. 




Cornwall 

Launceston 

X 

X 


Cumberland 

7. vii. 29, E.G.T.R. 
Langwathby S.O. 

X 


X 

DorbyKshire 

21. vii. 28, H.B. 

11. vii. 29, A.H. 

X 

X 



Two Dales 


X 


Devonshire 

5. viii. 28, H.K.B. 
Newton Abbot 


X 

X 


20. vi. 27, W.E.II.H. 
Newton Abbot 



X 

Dorsetshire 

19. vi. 28, C.A.C. 

Corfe Castle 

X 

X 

X 

Durham 

26. vi, 29, L.B.H. 
Durham 

X 

X 

X 

Ely, Isle of 

14, vii. 28, B.M.G. 




Esst'x 

Churchyard, Mucking 

X 

X 



17. vii. 28, C,R.N.B. 
Marslies. Stanford le Hope 

X 

> 


Gloucestershire 

18. vii, 28, O.R.N.B. 
Willersey, 

X 

X 

X 


19. vii. 28, d.M. 
Buckland 

X 

X 

X 

Hampshire 

19. vii. 28, J.M. 
Basingstoke 

X 



Herefordshire 

1925, M, of A. 




Hertfordshire 

Rothamsted 

y 

X 

X 

Huntingdonshii*© 

23. VI. 27, H.F.B. 




Kent 

Wye 

X 

X 

X 


14. vi. 27, S.T.P. 

Wye 

X 



Lancashire 

15. viii. 27, S.T.P. 




Ixueesiershire , 

11. vii. 27, A.R. 

‘ X 

X 

X 

Lincolnshire 

19. vii. 27, A.R. 

X 

X 

X 
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County 

Middlesex 

Monmouthshire 

Norfolk 

Northamptonshire 

Northumberland 

Nottinghamshire 

Oxfordshire 

Rutlandshire 

Shropshire 

Somersetshire 


Staffordshire 

Suffolk 

Surrey 


Sussex 


Warwickshire 
Westmoreland 
Wight, Isle of 

Wiltshire 

Worcestershire 

Yorkshire 


Table I {continued). 


Locality, date and 

collector’s initials D. ahpecuri C. mcrceri gmiculati 

Pinner x x 

16. vii. 28, R.P. 


Thotford 

1. vii. 27, W.M.D. 

Newcastle 
7. vii. 27, R.A.H.G. 

19. vii. 27, A.R. 

Oxford 

2. vii. 29, A.H.II. 
Oakham 

19. vii. 27, A.R. 
Newport 

12. vii. 27, S.G.J. 
Williton 

1. vii. 29, A.R. 
Mucholncy nr l.K)ngport 

2. vii. 29, C.L.W. 
Sidmouth 

18. V. 28, R.B. 

Wickhambrook 

1. viii. 28, H.F.B. 
Wisley 

13. vii. 28, G.F.W. 
Roadside, Ripley 

10, vii. 28, G.F.W. 
Riverbank, Wisley 

2. vii. 29, G.F.W. 

In shade, Ripley 

3. vii. 29, G.F.W. 
Wimbledon Common 

7. vii. 29, K.L. 

Pasture, nr Willmgdon 
and Ham|Kien Park 
27. vii. 29, R.A. 
Road.side, Hampden Park, 
nr Eastbourne 
26. vii. 28, R.A. 


x X 


XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

X 


X X 

X , 

XXX 

X 

X X 

. X X 

. X X 


Freshwater Bay x x x 

25. vi. 29, J.G. 

Marlborough x x 

22. vii. 28, L.G.P, 


Leeds x 

11. vii, 27, T.H.T. 

Scarborough x 

24. vii. 28, B.H.B. 


X X 

X X 
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4. Keys for identification of larvae, pupae and adults. 

The larvae of the midges may be separated into those species which 
possess an anchor process and those that do not. All the species are 
distinguishable by their colour. The following key may be used for their 
separation. 

A. Larvae with anchor process. 

B. Larvae cadmium orange (Ridgway, 1912), anchor process with sharp 
points ....... Dasynoura alopecuri (Rcsuter) 

BB. Larvae deep chrome to cadmium yellow (Ridgway), anchor process with 
rounded points. Contarinia merceri n.sp. 

AA. Larvae without anchor process. 

B. Larvae light ochreous salmon to light ochreous buff to warm buff 
(Ridgway). Steaodiplosis geniculati Reuter 

BB. Larvae blood red. Iiestodiplosis sp. 

The empty pupal cases may be separated as follows: 

A. To be found in the flower heads. 

B. Wing cases, head and thorax very dark, abdomen hyaline 

Stenodiplosis geniculati Router 

BB. Pupa entirely hyaline . . . Dasynoura alopecuri (Reuter) 

AA. Not to be foimd in the flower heads, in the soil. 

B. Wing cases, head and thorax slightly darker than abdomen 

Contarinia merceri n.6]>. 

BB. Pupa entirely hyaline. Lostodiplosis sp. 

The adult midges found ovipositing on meadow foxtail grass heads 
may be separated as follows: 

A. Ovipositor pocket-shaped, claws toothed Daayneura alopecuri (Reuter) 

AA. Ovipositor lamelliform, wings speckled, claws simple . Lestodiploeis sp, 
AAA. Ovipositor needle-shaped, claws simple. 

B. Palpi 4-segmented, long. Contarinia merceri n.sp. 

BB. Palpi 3-segmented, short . . Stenodiplosis geniculati Reuter 

6. Dasyneura alopecuri (Reuter). 

(a) Synonymy and history. 

1895 Reuter, E., Act. Soc. Fauna and Flora Fennica, xi, 0-9 {Oligotrophus). 

1927 Barnes, H. F., E.M.M. Lxm, 214-15 (Dasymura agropyronis), 

Curtis (1860) refers to a midge in meadow and slender foxtail which 
probably was this species, while Miss Orraerod (1886) figures the anchor 
process. 
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This species was described by Renter in 1895 as Oligotrophus alope- 
curi; in his description he states that the claws were simple and the 
body colour of the midge honey yellow. Specimens of males and females, 
labelled “0. alopecuri Reuter, Denmark, Rostrup” were very kindly 
sent by Dr R. Frey from the Museum Zoologicum Univcrsitatis, Helsing¬ 
fors, Finland, for critical examination. The specimens were very much 
cleared and macerated. There was a slight indication of a tooth on the 
claws. It may be presumed that these were some of the specimens sent 
by Rostrup to Reuter (Rostrup, 133 Beretning fra Statens, etc., 1919). 

Another set of specimens was received from Mag. P. Bovien, Lyngby, 
labelled “0. alopecuri ? S. Rostrup, 1912-13, Denmark.” In some of 
these the claws are distinctly toothed while in others the tooth is almost 
invisible. 

Kieffcr (1913) doubtfully refers alopecuri Reuter to the genus Oligo- 
trophus. However, all the specimens reared by the writer have toothed 
claws and are typical Dasyneura, Therefore it is now proposed to transfer 
alopecuri Reuter to the genus Dasyneura, 

The writer in 1927 described Dasyneura agropyronis, a midge found 
swarming in large numbers on Agropyronis repens in July 1924 by 
Dr 0. D. Morison. At the same time large numbers of parasites were 
observed. This species, both from the specimens of midges and the 
presence of the parasites, is undoubtedly Dasyneura alopecuri (Reuter), 
and is therefore now sunk as a synonym. 

(6) Description, 

Reuter’s original description of this species is adequate, except that 
it should be pointed out that the claws are usually distinctly toothed, 
the body colour red and covered usually with bands of scales. The midge 
is a typical Dasyneura with black scales on the red body. The number 
of antennal segments varies from 2 -f 11 to 2 + 16 in the males and 
from 2 + 10 to 2 + 15 in the females. The males are darker than the 
females, whose abdomens are bright red when full of eggs and duller 
when oviposition is over. There is, in addition, much variation in size 
of both sexes. 

(c) Distribution, 

This species is found throughout the counties of England (sec 
Table I), Ormerod (1885) reporting it from Cheshire. It has also been 
found in samples from Glamorganshire, Cardiganshire and Caernarvon¬ 
shire in Wales; near Aberdeen and Newburgh in Scotland; the Isle of 
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Man; in counties Antrim, Armagh, Tyrone, Louth, Dublin, Wicklow 
and Wexford in Ireland. 

It also occurs in Finland (Reuter, 1895) and Denmark (Fcrdinandsen 
and Rostrup, 1920). 

It is reported in New Zealand (Miller, 1918) as a serious pest. 


{d) Bionomics. 

Emergence, The adult midges as a general rule emerge before noon 
(sun time). The majority emerge between 8 and 11 o'clock in the 
morning, the males appearing slightly before the females, and nearly all 
the males have emerged by 11. The females continue emerging until 
about 4 in the afternoon, although the vast majority have emerged by 
noon. Then at about 7 in the evening there is another emergence of 
males; this is the chief difference between the emergence of the males 
and females. These statements find support in the following figures^ 
taken from emergences in 1928, They deal with the emergence of 4082 
males and 6034 females. 


Before noon After noon 




Males 

Females 

Males 

_A_ 

Females 


Actual 

No. 

■ T 

% 

/- 

Actual 

No. 

<>/ 

o 

Actual 

No. 

<V 

/o 

Actual 

No. 

Eight Enghsh 
samples 
Five Irish 
samples 

2119 

88 J: 1-68 

3757 

97 ±0-65 

279 

12 

U2 3 

1445 

86 :j 2-56 

2079 

96i0-68 

239 

14 

76 4 


Light probably is a factor controlling emcrgenc(% as is indicated by 
the following experiment. A sample of foxtail seed infested with this 
midge's larvae was kept in the dark until noon (sun time) each day from 
about 8 the previous evening, thus giving additional darkness. This 
procedure was started at the time the midges started emerging. The 


Before noon 


Males Females 


After noon 


Males 


- ^ 

Females 


Actual 
No. % 

One sample 591 74 


Actual 

No. 

546 


(I' 
() 


70 


Actual 


Actual 


No. 

o, 

o 

No. 

O/ 

, o 

210 

26 

234 

30 


' It has been pointed out that by counting eight samples together erroneous percjontage 
figures are obtained. The following figures are the male pt^rcentagos before and after noon 
in the eight samples from England; 80 and 20, 86 and 14, 85 and 15, 95 and 5, 90 and 10, 
86 and 14, 93 and 7, 88 and 12. For the females 96 and 4, 94 and 6, 97 and 3, 97 and 3, 
97 and 3, 100 and 0, 95 and 5, 98 and 2. 
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result was that the percentage of midges emerging after noon was raised 
as the figures show; 801 males and 780 females emerged. 

Other factors, such as temperature, undoubtedly affect emergence, 
and a subsequent paper will deal with the factors affecting the emergence 
of midges. 

Emergence in the field varies in date with the locality; in the more 
southern and western districts the midges emerge earlier in the season 
(e,g, Kent 1927, May 30th; Co. Louth 1928, May 5th; Somerset 1928, 
May 18th; Hertfordshire 1928, May 3rd) than those in the more northern 
districts {e.g, Aberdeen 1924, July). This difference is completely nullified 
by keeping all the samples from different localities in one locality from 
the time the larvae are full grown until the midges emerge. In Hertford¬ 
shire in 1928 the earliest emergence noted occurred on April 27th and 
the latest on July 20th, while the maximum number of emergences 
occurred on June 11th. In 1929 the crest was about June 6th-7th. 
The date of emergence varies to some extent with the ‘‘earlyness” or 
‘dateness’' of the season. 

As has been stated above, the males are usually waiting for the females 
to emerge. As soon as this occurs the females run up a blade of grass, 
and by the time they have climbed a few inches above the ground th(‘ 
wings are full-sized. They extend the ovipositor at full length once or 
twice, perhaps to make c(Ttain it is in working order or to aid in drying. 
Then they rest quietly on the blades of grass with the ovipositor inserted. 

Mating. As soon as a male happens to come within a foot or two of 
th(‘. females, the latter immediately protrude their ovipositors to full 
length. This realisation of the presence of the males by the females is 
at on(je striking and accurait*. It has been observed, experimentally, 
that the females can ‘'scentor "feer’ the presence of males at least 
a yard away, and that they differentiate between males of their own 
s])ecies and other species of the same genus. 

The males also appreciate the presence of the females in the same 
way, with the addition that they flutter and run wildly up and down the 
grass stems, tumbling madly over all obstacles in their efforts to find the 
virgins. Substitute an inseminated hunale and all excitement vanishes. 

Very soon the male finds the female and insemination takes place 
without ceremony. In one case a male was placed in a cage about 2 ft. 
high with a diameter of about a foot, in which there were already three 
virgin females. The male appeared literally mad, fluttering, scrambling, 
flying in all directions. It appeared utterly confused by the presence of 
three females, although this is a state that would often occur naturally. 
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Within 8 minutes it was inseminating a female. Coition actually 
lasts about 30 seconds. After completion the male will pause for about 
5 minutes and then hunt for another female. It has been observed that 
one male will mate with at least two females. 

Sex ratio. Out of 6144 emergences in 1928 from English, not in¬ 
cluding Rothamsted, samples, there were 2675 males and 3469 females, 
giving a ratio of 44 males to 56 females. Again, out of 4317 emergences 
in 1928 from Irish samples, there were 1826 males and 2491 females, 
giving a ratio of 42 males to 58 females. 

Oviposition. After mating, the females rest a short time and then 
proceed to the flower heads and start egg laying. They will lay their 
eggs on heads that show the anthers, or show stigmas, or show neither. 
The long ovipositor is thrust between the glumes, and the eggs laid 
singly on the inside of the glume enclosing the ovary. In captivity some¬ 
times the eggs are laid within the outer sheath, and sometimes on the 
outside of the florets close down to the central stalk; in these latter 
positions the females will occasionally lay several eggs, up to seven 
being observed. There does not seem to be any marked crest of ovi- 
position as in the case with C. nhercefi for the females lay soon after 
emergence and go on all day. 

Duration of egg stage. The egg stage under favourable conditions lasts 
from 7-8 days, but in cold spells may be prolonged to 18 days. 

Description of egg. The eggs are pale red and elongate oval in shape. 
If extracted from an inseminated female they are about 0-42 by O-IO mm. 
in size, but 2 hours after being laid they measure 0*34 by 0*05 mm. 
After 24 hours they are 0*36 by 0*07 mm. 

Larva. On emergence the larvae are very pale biscuit in colour, but 
later attain a cadmium orange (Ridgway) colour. In other terms, they 
may be described as brick-red to deep orange. In shape the full-grown 
larvae are almost oval, being greatly constricted in length and in sharp 
contrast to the more active species. The larva remains in the same floret, 
and never moves away once it has taken up its position on the seed. 
As a matter of observation of 1382 instances of florets infected in the 
field, in only three florets was more than one larva (in each case two) 
found in one seed and, in those exceptional cases, the second larva was 
very small and dying. The larvae feed up quickly and attain their 
maximum size in from 6 to 8 weeks. Then they enter a quiescent stage 
until about 8 days before the adult midges emerge. This means that full 
grown larvae are to be found in the floret, wherever it happens to fall, 
from July until the following May. 
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Pupa. The pupal stage lasts about 8 days, and pupation takes place 
in the seed case. When the midge is ready to emerge, the pupa wriggles 
up the seed case between the glumes until it is protruding about as far 
as the thorax. It bends sharply over backwards and forwards at the 
junction of the thorax and abdomen until a split occurs down the middle 
of the thorax. No midge pupa has been observed to bore through the 
glumes, only between them. The small holes to be seen in infested seed 
cases are the emergence holes of the parasite, Prosactogaster aUenuata Hal. 

Broods. The species is single brooded. The life-cycle may be briefly 
summarised as follows^: egg, 8-10 days in May; larva growing in size 
6-8 weeks, May to July; developing larva, July to May; pupa, 8 days 
in May; adult up to 5 days. In two cases out of 13,193 midges, single 
males have been known to emerge the same year as the egg was laid. 
One emerged from a Kutland sample on August 24th and the other 
from a Kent sample on August 9th. This indicates that there is a possi¬ 
bility that in very favourable seasons occasionally there may be a second 
brood. It is not suspected that this is a regular occurrence in this country. 

Variation in duration of life-cycle. As will b(^ seen from the foregoing 
remarks, the usual duration is about 1 year but may be shortened to 
about 4 months. On the other hand, it may also be lengthened very 
considerably. From a sample of foxtail seed collected in co. Tyrone on 
August ]6th, 1926, and which was kept moist in a glass top tin box, 
midges emerged from June 7th, 1927, until July 4th, 1927. The sample 
was then kept dry with no further attention, in order to see whether 
any midges would emerge after the second winter. This is highly im¬ 
portant in control work, as Rostrup (1919) suggests keeping the seed 
over for a year as the midges emerge during the first year and apparently 
the germinating power of the seed does not diminish. However, between 
January 26th, 1928, and February 14th, 1928, three more male and 
three more female D. alopecuri midges emerged. Thus the duration of 
the life-cycle was increased to about 22 months. In this case as well, 
while parasites emerged throughout the summer of 1927, two also 
emerged during February 1928 and one in June 1928. This prolongation 
probably was due to the dryness, cf. Hessian fly. It, however, has never 
been repeated. 

Variation in adult. In one instance an albino female was reared 
from a sample of foxtail from Finland. In this case the female (Cecid. 
1183) was normal except for a complete lack of the red pigment in the 
abdomen, which was white with the usual black scales. 

^ Months correct for Harpenden, later for localities farther north. 
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The number of antennal segments varies from 2 + 11 to 2 +16 in 
the males, and from 2 + 10 to 2 + 15 in the females. One freak female 
(Cecid. 1213), in which there were 2 + 4 antennal segments, was bred 
from a Newcastle sample. Variation and abnormality of antennal seg¬ 
ments in midges will be the subject of a subsequent paper. 

One specimen with normal male antennae, yet with ovipositor, has 
been reared under normal conditions in 1929 from an Aberdeen sample. 
This is the only case that has been noticed out of about 55,000 normal 
reared specimens. This phenomenon, although rare, has been known to 
occur in two other cases in Cecidomyidae, i.c. in Mayetiola phalaris 
Barnes (male antennae + ovipositor, Cecid. 225) and Rhabdophaga 
heterobia H.Lw. (female antennae + male genitalia, Cecid. 1206). 

6. Stenodiplosjs oeniculati Reuter. 

(a) Synonymy and Jiistory. 

1895 Reuter, E., Act. Soc. Fauna and Flora Fennica, xi, 10-14. 

This species was first described from Finland by Reuter in 1895. 
Dr Felt in December 1926 gave the writer a slide (Cecid. 434) of Stenodi- 
plosis geniculaii cJ, ? collected on Panicmn in 1918-19 at Los Banos, 
Luzon, Philippine Islands. This was a misidentification and the midges 
are certainly not S. geniculati Reuter. 

(6) Description. 

Reuter’s original description and figures serve for the second brood 
of this midge which overwinters. The summer brood, however, is much 
lighter in colour, the abdomens of the females being bright red. This 
species is a typical Stenodiplosis, no variation being known in the antennae 
and not much in size. 

(c) Distribution. 

S. geniculati occurs throughout England (see Table 1), Bagnall and 
Harrison (1922) recording it from Durham and Yorkshire. It also has 
been found in samples from the Isle of Man, Wales (Glamorganshire), 
and Ireland (counties Antrim, Armagh and Tyrone). It is also to be 
found in Finland (Reuter, 1895). 

{d) Bionomics. 

Emergence. This species emerges earlier in the day than the last 
species,at least in the summer brood. For instance on one day (June 29th, 
1927) out of 123 males that emerged, 72 had emerged by 5.45 a.m. 



H. P. Barnes 


351 


(sun time), 17 by 7 a.m., 27 by 9 a.m., and 7 by noon; similarly, out of 
126 females that emerged on the same day, 30 had emerged by 6.45 a.m., 
26 by 7 a.m., 20 by 9 a.m., 41 by noon, 9 by 6 p.m., and 1 between 
6 and 6.30 p.m. Here again the males emerge slightly before the females, 
and in both sexes the majority emerge by noon. However, there is not 
the evening emergence that was observed to take place in D, alopecuri. 
The following figures support the above statements. The emergences 
recorded occurred in a sample sent from Devon in 1927, 


By 9 a.m. 

Male Female 

Actual Actual 
No. % No. % 

880 81 764 58 


By 1.30 p.m. 

Male Female 

^ A ^ ^ A ^ 

Actual Actual 

No. % No. % 

173 16 452 32 


By 9 p.m. 

Male Female 

_A_ _A__ 

r ^ ^ ^ 

Actual Actual 

No. % No. % 

32 3 128 10 


Sex ratio. Out of 4303 emergences in 1927 of the summer brood from 
English samples, there were 1999 males and 2304 females, giving a ratio 
of 46 males to 54 females. It is very difficult to obtain accurate figures 
for any sex ratio, but occasionally the figures are so abnormal that a 
sex linked lethal is suspected. For example, in a Lincolnshire sample, 
out of 148 emergences, 104 or 70 per cent, were females, thus suggesting 
that half the males never reached maturity. This suggestion is merely 
tentative. How easy it is to jump to a conclusion when dealing with 
emergences from random samples of seed heads is shown hy the fact 
that in one sample from Derbyshire 69 females and only 7 males of 
D. alopecuri emerged during the first 18 days that midgefe were emerging, 
and yet at the end of emergence the ratio was normal. More concerning 
sex ratio will be included in the paper on emergence of midges that is 
being prepared. 

Larvae, The larvae of this species are light ochreous to light ochreous 
buff to warm buff (Ridgway). In other terms, they arc pale biscuit or 
honey yellow. They may be distinguished from the larvae of other 
species to be found in meadow foxtail heads by possessing no anchor 
process, a character possessed only by Lestodiplods sp. among species 
whose host plant is this grass. The larvae in shape are slightly con- 
stricted but not so much as those of D, alopecuri, and approach those 
of C7. merceri much more in general appearance. These larvae may be 
found in the grass heads in late May and June and again in late July 
onwards until the following spring. 

Pupae, Pupation takes place in the seed case, and about 8 days 
later emergence takes place. As in D. alopecuri, the pupa wriggles up 

Ann. Biol, xm 23 



352 


On the Biology of GalUMidges 

the seed case until it half protrudes. The cases are easily recognised by 
the naked eye, as the wing cases, head and thoracic coverings are almost 
black while the abdominal case is white. When the pxipa is full the 
abdomen is blood red, otherwise the pupa is almost black. 

Broods, This species is double brooded, there being a brood on the 
wing from June to August (summer brood) and another in April and 
May (spring brood). The dates of emergence of the summer brood vary 
considerably. The southern and western areas are earlier than the 
northern and eastern ones. For example, in 1927, the crest of emergence 
of the summer brood in the Devon sample was on July Ist (the first on 
June 21st), that in Kent July 4th (first on June 24th), that in Glamorgan 
July 19th (first on July 13th), that in Rutland July 26th (first on 
July 20th), and that in Yorkshire July 28th roughly. 

Variation in duration of life cycle. The life cycle in the Cease of the 
summer brood is about 3-4 months and in the case of the winter brood 
about 8 months. Just as is the case with D. alopecuri, the duration 
may be considerably lengthened. From a sample of foxtail seed <*.ollected 
August 16th, 1926, in co. Tyrone, midges emerged in June 1927 and 
then again one male and four females emerged in February 1928. This 
has not been repeated, although “kept over'’ material has been used. 

7. CONTARINJA MERCERI U.Sp. 

(a) History, 

Miss Ormerod, in her eighth report on injurious insects during 1884, 
deals with midges attacking meadow foxtail seed, and it is at once 
apparent that besides D, alopecuri she was also dealing with another 
species. In her figure on p, 32 there is the anchor process of C, tritici 
and two differently shaped (pointed and rounded) anchor processes of 
meadow foxtail midges. The first of these is without the slightest doubt 
that of D. alopecuri, while the second is that of the species at present 
under consideration. Miss Ormerod was in communication with Mr E. 
Baillie from the neighbourhood of Chester, and in his letters, quoted 
by Miss Ormerod, there is ample evidence that he observed the crest 
of egg laying of C, rnerceri in the evenings (“at eight the field appeared 
to swarm with them”; cf. the observations under Oviposition in this 
paper). Mr Hunter, also of Chester, was writing to Miss Ormerod at 
the same date and noted that the larvae crawled out of the heads a day 
or two after being placed in a box. At this time Miss Ormerod sent the 
specimens to Mr R, H. Meade, who said they might possibly be small 
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varieties of C. tritid, but that probably it was a new or undescribed 
species. Only females were sent, this again very strong evidence that 
they were C. merceri. 

Since these observations there has been no mention of a Contarmia 
species attacking meadow foxtail grass. But as soon as this investigation 
was started, a Contarinia species was found, and this is presumably the 
same species. 

Experiments have been made to see whether it can mate with 
C. tritid (Kirby) but all the results have been negative. The species is 
therefore considered to be a distinct species and is described below as 
C. merceri n.sp. 

(6) Description, 

This species, which resembles (7. tritid (Kirby) very closely both in 
adult structure and larval characters, is named aftfir Prof. S. P. Mercer. 

Male. Body length about 1~2 mm. Antennae, 2-f 12, first and 
second flagellar segments fused, each flagellar segment consisting of two 
subglobular nodes separated by a stem and each, except the terminal 
one, with a neck; the stem and neck on any one segment being about 
<»qual in length and diameter; each node with a whorl of seven to nin(‘ 
looped regular circumfila; the stem and neck of the 3rd flagellar segment 
about two to three times as long as broad, those of 10th three to four 
times as long as broad; distal node of 12th segment bearing a roundly 
cylindrical setose elongation about as long as neck of Pith segment, 
setae on all nodes but not stems or necks. Palps: four segments all 
with moderately short setae, basal segment quadrate, 2nd and 3rd 
elongated, slightly narrowed at each end, the 3rd slightly longer than 
2nd, distal segment rounded, cylindrical, slightly longer than 3rd. Face 
pale yellow. Eyes blacjk. Thorax brown, lighter at point of wing attach¬ 
ment. Wings clear. Abdomen deep chrome to cadmium yellow (Ridgway). 
Legs same colour with dark hairs; claws simple, moderately curved, 
about as long as empodium. Genitalia: basal clasp segment stout; 
terminal clasp segment with minute setae, short, stout and curved; 
dorsal plate large, V-shaped emargination, lobes rounded, truncate; 
ventral plate large, slightly longer than dorsal plate, deep U-shaped 
emargination, lobes smoothly rounded; style longer than ventral plate, 
pointed. Co-types: Cecid. 822, 880, 883, 1201, 1202 and 1204. 

Female, Length slightly longer than male. Antennae, 2 f 12, normal 
Contarinia female type, neck stout, short on basal segments, longer 
distally. Palps: four segments, proximal segment quadrate, 2nd, 3rd 

23--2 



354 On the Biology of Gall-Midges 

and 4th elongate, round, each longer than preceding one. Thorax brown. 
Abdomen bright deep chrome to cadmium yellow. Ovipositor very long, 
aciculate, retractile. Otherwise about as in male. Co-types: Cecid. 
619-21, 636-40, 642 and 881. 

Larva, Deep chrome to cadmium yellow. Lives in flower heads of 
A. pratensis for a few weeks in summer, then ‘^jumpsto the soil, where 
it remains semiquiescent until the following spring. Causes “blindness” 
of the grass. 

(c) Distribution, 

C, merceri is most abundant and widespread, occurring throughout 
England (see Table 1). It also is to be found in the Isle of Man; Gla¬ 
morganshire, Cardiganshire and Caernarvonshire in Wales; near Aberdeen 
in Scotland; in counties Antrim, Armagh, Tyrone, Dublin, Wicklow 
and Wexford in Ireland. It also occurred in one sample from Finland, 

(d) Bimiomics, 

Emergence, This species emerges later in the day than either of the 
two preceding species. The males again emerge slightly before the 
females and in this species the crest of the emergence of the males is 
just before noon while that of the females is just after noon. The following 
figures dealing with the emergences of 644 males and 1776 females 


support 

this: 







By noon 


After noon 


r 

Males 

A 

- \ 

Females 

( 

Males 

... . .. . . 

Females 

. A 


r 

Actual 

No. 

Actual 
% No, 

-\ 

9/ 

/o 

r 

Actual 

No. 

r .N 

Actual 

No. % 

Fourteen 

samples 

418 

65 589 

33 

226 35 

1187 67 


The date of emergence of the adults in the spring varies considerably. 
In Hertfordshire in 1928 the earliest emergence noted occurred , on 
May 24th and the latest on July 14th, while the maximum number of 
emergences occurred on June 20th. In 1927 the crest appeared to be 
June 8th to llth, while in 1929 about June 13th. 

Besides fluctuating with the season, the date of emergence varies 
with the locality. For example, large numbers of midges have been 
observed laying eggs in co. Dublin on May 28th, 1927, Belfast June 9th, 
1926, and in Caernarvonshire on June 5th, 1927. 

Eex raiio. Out of 2495 emergences in 1928 from English samples, 
th(»re were 601 males and 1894 females, giving a ratio of 24 males to 
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76 females. Again, out of 1097 emergences from Welsh and Irish samples, 
there were 266 males and 841 females, giving a ratio of 23 males to 

77 females. Confirmation of this has been obtained from emergences in 
pots of counted 1000 larvae in 1929. This abnormally low percentage of 
males is paralleled in parthenogenetic Hymenoptera and may be a 
feature of the gall-midge genus Cordarinia, e,g, tritici. Differential sex 
mortality during development may account for the abnormally low 
numbers of males. 

Matmg, Coition lasts about 80 seconds. There is nothing about 
mating that differs essentially from most other midges. 

Oniposition, The females insert their very long needle-like ovipositors 
right in between the glumes covering the ovary. They do not pierce 
any sheath. Several eggs arc laid in one floret. Oviposition takes place 
from 7.30 a.m, to noon, a pause round 1.30 p.m., going on again from 
4.30 to 9 p.m. There is a crest of egg laying about 7.30 p.m. (all sun time). 

Duration of egg stage. The young larvae hatched from the eggs in 
about 4 days. 

Larva. The larvae are deep chrome to cadmium yellow (Ridgway). 
In other terms, they are golden yellow. In shape they are long and move 
freely about, usually, however, staying in one floret until they have com¬ 
pleted their growth. Then they crawl out of the floret and “jump” to 
the ground where they remain quiescent until the following spring. They 
have been observed crawling about on the surface the following May. 
So-called “blindness” of meadow foxtail grass is due to the damage 
caused by the larvai*. 

The larvae of this species do not, as a rule, occur singly in the florets, 
up to 15 larvae being found in a single floret, in this respect being 
similar to those of C, tritici (Kirby) on wheat, and distinctly different to 
those of D. alopecuri and S. gemculati. In 348 florets which were 
attacked by C, nu'rceri, 99 florets contained 1 larvae, 84 contained 2, 
58 contained 3, 34 contained 4, 27 contained 5, 13 contained G, 6 con¬ 
tained 7, 13 contained 8, 9 contained 9, 3 contained 10, 1 contained 11 
and 1 floret contained 15 larvae. It is owing to the habit of these larvae 
migrating to the soil when fully fed that many florets are found to 
contain only one or two larvae. 

Pupa. Pupation takes place in the soil, and it is impossible to collect 
pupae of this species being certain that no other species is involved, as 
so many species of Contarinia are to be found in the soil and no satis¬ 
factory method of separating the pupae of the different species exists. 
Pupation takes place just over a week before the adult midge emerges 
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in the spring. By keeping the larvae it is possible to obtain the pupa, 
and it is found to be slightly darker in the wing cases, head and thorax 
than in the abdomen. When the midge is ready to emerge, the pupa 
wriggles to the surface of the soil. 

Broods, This species is single brooded as a rule, but in some localities 
seems to have a second generation. The life-cycle may be briefly sum¬ 
marised as follows: adult midges May to June; larvae growing in size 
in florets, about 3 to 5 weeks, about June; developing larvae in soil, 
July to the following May; pupae, May. Thus it will be seen that this 
species has one brood a year. In 1927 in samples from three localities 
there seemed to be a partial second emergence. On August 1st adults 
emerged from a Devon sample (20. vi. 27), from two Hertfordshire 
samples adults emerged from September 9th to October 29th and from 
a Leicestershire sample (11. vii. 27) adults emerged from September 15th 
to October 9th. Again in 1929 females emerged from a Bedfordshire 
sample (0. vii. 29) in August. It is not thought that this means there 
is a regular second brood. However, it cannot be ignored as insectary 
emergences appear from observations to coincide with those in the field. 
In this species the first spring emergence occurred on the same day in 
1928 as midges were observed first in the field, and in the case of 
D. alopecuri the insectary first emergence was only 6 days before the 
first midges were seen in the field. 

Enemies, The Empid fly, Empis caudatula Linn, (kindly identified by 
Mr J. E. Collin), has been observed catching and eating ovipositing 
females of this species on several occasions. 

8. Lestodiplosis spp. 

At least one species of the genus Lestodiplosis lives, in its larval 
stages, predacious on the larvae of C, merceri. There may also be a 
second species involved. These midges will be described in a subsequent 
paper dealing with the parasites and predators of midges injurious to 
meadow foxtail grass. Lestodiplosis sp. living in foxtail heads have been 
found in samples from Shropshire, Nottinghamshire, Lincolnshire, 
Leicestershire, Caernarvonshire; and co. Wicklow, co.Dublin, co. Antrim. 
The Lestodiplosis occurs far too occasionally to be of any use in con¬ 
trolling (7. merceri, 

9, Pabasites. 

Parasites are so common that if a sample of seed infested with 
midges is received from an 3 rwhere in England parasites will in all proba¬ 
bility emerge. Unfortunately, it has not yet been possible to get these 
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parasites named except one, which Dr Waterston kindly determined as 
ProBactogaster attenuata Hal. There are several species of Chalcidoidea 
wl^ch are parasitic on these midges. It is curious that D. alopecuri 
seems to suffer very considerably from parasites, while a few parasites 
have been bred from C. w^rceri but none from S. genicuhti in British 
samples. The numbers of host to parasite varie^s in different years and 
this is being especially studied over a period of years. Reference may 
be made to Tables II-V for further information as to numbers of 
parasites and hosts from different localities. 

10. Relative infestation and frequency of the different 
SPECIES OF midge. 

The three midges, D. alopecuri, S, genicuhti and C. merceri are very 
common and occur in such numbers as to be a serious menace to the 
growing of foxtail grass for seed. Tullgren (1917) records finding about 
57,000 larvae to the pound of seed, in this case S. genicuhti on marsh 
foxtail, while a sample of Danish grown meadow foxtail seed received 
from Dr Dorph Petersen was estimated to have 38,000 seeds per kg. 
attacked by D, alopecuri. 

Tables II-V show how abundant these midges are sometimes in 
Great Britain. For example, from a sample of 72 heads of meadow 
foxtail collected in Rutland in 1927, 2422 midges and 072 parasites 
were reared; from a Devonshire sample of 164 heads 2983 specimens of 
/S. genicuhti alone w(‘re reared, while there were hundreds of C. merceri 
larvae j)res(Mit in addition, although only two were reared; from a Belfast 
sample of 69 heads 1554 specimens of Dasyneura alopecuri and 1862 
parasites of this species were reared. 

In the tables the actual figures of midges and parasites are given, 
while the number of florets is based on a count of ten heads chosen at 
random from the sample. In the last column (Tables II~V) arc figures 
representing the percentage number of florets attacked; it is needless 
to point out that the figures do not represent the infestation, say in 
any one county, but are merely figures for the particular sam})les. The 
figures obtained show at least how numerous the midges might become, 
if any factor affecting their biology were to change. More than one 
parasite may emerge from one midge larvae, but here each parasite 
has been considered to emerge from a separate larva. This is allowable 
owing to the fact that the maximum emergence of the larvae pre¬ 
sent did not take place. All the figures, for this reason, are too low. 
Whether or not there is the same mortality in the field it is hard to 
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determine exactly. Of hundreds of parasite larvae seen, never more 
than one has been found in a single floret and no sign has been seen of 
polyembryony. 

That these figures of emergence are really too ]ow is shown by the 
fact that in pots of 1000 D. alopecuri larvae 75-84 per cent, emerged, while 
in pots of 1000 C. mercen larvae only 15-17 per cent, emerged. It has 
always been far more difficult to rear larvae which remain throughout 
the winter in the ground than those which winter in some kind of gall 
or seed case. It is for this reason that in the tables the numbers of 
C. merceri are small, in reality the larvae are present in far larger numbers 
than either those of D. alopemri or S, geniculati. 

The enormous number of larvae that are sometimes present may be 
exemplified as follows. In a sample of 10 heads of the grass chosen at 
random out of 250 heads collected near Aberdeen (25. vii. 28) and con¬ 
taining 2595 florets, only 18 or 3*8 per cent, (db 1*8) florets contained 
seeds, while 1115 or 43 per cent. (± 10*1) were empty, due largely to 
attack by C, merceri, and 1382 or 53 per cent, (i 9*2) contained larvae 
of /). alopecuri. Again, out of 1005 florets from 6 heads of grass gathered 
at random at Rothamsted (11. vii. 28), 356 seeds were formed while 
276 florets were empty, 26 contained larvae of D. alopecuri or of its 
parasites, and 348 contained larvae of C. merceri. Since in this latter 
species more than one larva are usually found in a floret, these 348 florets 
attacked by C. merceri contained 1073 larvae. The large number of 
empty florets is certainly to a large extent due to the fact that some of 
the larvae had already (by 11. vii. 28) migrated to the soil. Again, in 
a Dorset sample of 120 heads (26. vi. 29) there were 21,072 larvae of 
C. merceri present; and in a Somerset sample of 50 heads (1. vii. 29) 
there were 6529 larvae of C. merceri present. 

Table IL 


Sunirmry of emergences, 1927-8. 



No. of 
hoads and 
florets 

Total Total 

Dasyneura 

Contarinia 

Stenodiphm 

Lestodiplosis 

_A_ 

Locality 

bred 

bred 

<s 



? 


? 


-> 

$ 

Kiiglaiid 

1,600 

391,974 

14,176 

6,194 

3105 

4114 

640 

1994 

2m 

2306 

2 

a 

Wales 

641 

124,583 

655 

69 

7» 

39 

70 

203 

43 

62 



Scotland 

106 

30,422 

1,588 

979 

806 

782 


1 





Ireland 

704 

179,093 

5,134 

6,299 

1836 

2491 

186 

578 

10 

35 

2 

4 

Total 

3,111 

726,072 

21,453 

13,541 

5815 

7426 

896 

2836 

2062 

2403 

4 

10 
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T able III. 

RisumS of foxtail insectary pots, 1927--8. 

A. English samples. 

No. of Total 


Locality 

heads 

Total 

para¬ 

Dasynmra 

Contarinia 

Stenodiphsis 

Lestodiplosis 


and 

midges 

sites 

^ - K 

-^ 

, -A. 

-\ 

f 

_^ 

^ -A- 

_^ 

In 100 

and date 

florets 

br^ 

br«i 


$ 

(J 

$ 

c? 

9 

(? 

? 

florets 

Shropshire 
(13. vii. 27) 

206 

41,612 

803 

1931 

79 

239 

90 

285 

58 * 

3 

47* 


1* 

: 

7 

Kutland 
(20, vii. 27) 

72 

13,608 

2,422 

672 

543 

1* 

755 

27 

60 

440* 

596* 



23 

Yorkshire 
(12. vii. 27) 

(U 

15,296 

1,600 

464 

213 

168 

260 

850 

2* 

1* 



13 

Derbyshire 
(13. vii. 27) 

67 

15,276 

377 

1 

115 

144 

39 

79 





2 

Kent 

(13. vi. 27) 

' 100 
24,300 

70 

92 

14 

1» 

40 

5 

10 

(49)* 

(80)* 


_ 

0*6 

Kent 

(15. viii. 27) 

62 

19,096 

1 

1 

—. 

1 

■ 

_ 




, 

001 

Nottingham 
(20. vii. 27) 

72 

18,648 

951 

1056 

350 

496 

33 

52 

7* 

12* 


1* 

11 

Berkshire 
(8. vii. 27) 

233 

65,706 

301 

282 

29 

85 

44 

142 


1* 



0-9 

Norfolk 
(1. vii. 27) 

10 

1,760 

102 

_ 

69 

33 


_ 





6 

Lincoln 
(20. vii. 27) 

67 

15,142 

1,142 

073 

468 

129 

21 

73 

44* 

104* 

1 

1 

1* 

12 

Devon 
(21. vi. 27) 

164 

46,412 

2,985 

_ 

— 


1* 

1* 

1444* 

1539* 

___ 

— 

6 

Leicester 
(12. vu. 27) 

69 

22,839 

2,177 

870 

762 

1006 

81 

5* 

319 

— 

3* 

1* 


13 

Northumberland 
(8. vii. 27) 

41 

10,701 

121 

33 

31 

73 

— 

12 

4* 

1* 

— 

— 

1 

Total 

310,396 

12,9.52 

6075 

2675 

3469 

601 

1891 

2002 

~2^ 


5 

Infected 


* Emerged in 1927. 


Table IV. 

Resume of foxtail insectary pots, 1927 -- 8 . 

11. Welsh samples. 

No. of Total 

heads Total para- Dasynmra Contarinia tStenodiplosis Lestodiplosis 

Locality and midges sites ^ ^^ t - ^ -\ r —*—\ In 100 

and date florets bred florets 


Caernarvon 
(16. vii. 27) 

465 

81,375 

224 

7 

1 3 

52 

168 

_ 

_ 

— - 0*2 

Cardigan 
(8, vii. 27) 

76 

21,508 

86 

1 

11 — 

14 

61 

_ 

_ 

— — 0*4 

Glamorgan 
(13. m 27) 

100 

21,700 

245 

61 

66 36 

4 

34 

43* 

62* 

— 1 

Total 

124,583 

555 

69 

78 39 

70 

2&3 

43 

62 

— — Infected 

Aberdeen 
(27. vii. 27) 

106 

30,422 

1588 

979 

C. Scotland. 

806 782 — 

1 



— 8 


♦ Emerged in 1927. 
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Table V. 

RisunU of foxtail insectary pds, 1927-8. 

D. Irish samples. 



No. of 


Total 











heiuis 

Total 

para- 

Dasyneiu'u 

Contarinia 

Stenodifilom 

Lestodiplom 


Locality 

and 

fVllQ 









' 

In 100 

iluU^tvei 










and date 

florets 

bred 

bred 

(J 

? 


? 


? 


? 

florets 

Co. Armagh 

88 

280 

679 

125 

135 

1 

4 

1* 

13 


— 

6 

(28. vii. 27) 

15,488 







1 





Co. Tyrone 

83 












(30. vii. 27) 

22,908 

440 

1074 

204 

201 

3 

2 

8 

22 

— 

— 

7 

Co. Wicklow 

98 












(16. vii. 27) 

20,482 

307 

23 

19 

41 

43 

202 

[1 

another 

— 

1* 

2 









species] 




Co. Dublin 

98 












(13. vii, 27) 

16,464 

917 

46 

213 

206 

134 

362 

— 

— 


1* 

6 

Co. Wexford 

80 












(vii. 27) 

16,080 

70 

46 

20 

49 

— 

1 

— 

— 

— 

— 

07 

Belfast T.T. 

69 












(18. vii. 27) 

12,351 

1525 

2560 

575 

938 

5 

5 

— 

— 

— 

2* 

33 

Belfast Swan. 

66 












Expt. 

(19. m 27) 

25,740 

20 

8 

7 

16 

— 

2 

— 


1* 

— 

01 

Belfast cultiv. 

92 












(11. viii. 27) 

24,380 

1554 

1862 

657 

897 

— 

— 

— 

— 

— 

— 

14 

Belfast meadow 

90 












(9. viii. 27) 

25,200 

15 

1 

6 

8 

— 

— 

[1 $ another 

— 

— 

0*06 









species] 




Total 

179,093 

5134 

6299 

1826 

2491 

186 

578 

10 

35 

2 

4 

Infectt^d 


[ 'I 2 other species] 


^ Emerged in 1927. 


11. Size op meadow foxtaii, ora.ss heads in 

DIFFERENT LOCALITIES. 

The number of florets in a head of meadow foxtail grass varies very 
considerably. In order to ascertain a rough idea of this variation, ten 
heads were chosen at random from the different samples obtained and 
the number of florets in each head was counted. Table VI shows the 
average number of florets for ten heads together with the TnaTimntn and 
minimum numbers. 

Since meadow foxtail grows wild and is also cultivated, it is to be 
expected that plants grown experimentally would have larger heads 
than indigenous plants. The following figures represent two samples 
grown experimentally and two indigenous samples: 

Belfast “cultivated” (19. vii. 27): av. 390 (max. 636; min. 267) 

„ (ll.viii.27): „ 265 ( „ 345; „ 147) 

“wild” (18. vii. 27); av. 179 (max. 209; min. 117) 

(9.viii.27): „ 280 ( „ 447; „ 192) 
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It is reasonable to suppose that ""wild” heads reaching the flowering 
stage in April would be smaller than those reaching the same stage in 
May to June. In the case of plants grown under experimental con¬ 
ditions, this difference could be very easily lessened, if not nullified, by 
the treatment they received. In this connection Prof. Mercer tells me 
that a smaller percentage of florets appearing early in the year develop 
into seeds than those appearing later. 

Table VI. 


Showing number of florets per head. 


Locality 

Average florets 
per 10 heads 

Maximum 

Minimi] 

l>von (21. vi. 27) 

283 

388 

143 

Kent: (a) (14. vi. 27) 

(a) 243 

(a) 354 

(a) 180 

{b) (15. viii. 27) 

(b) 308 

{b) 437 

(5) 243 

Leicester (12. vii. 27) 

331 

519 

152 

Shropshire (13. vii. 27) 

202 

,359 

154 

Nottingham (20. vii. 27) 

259 

339 

179 

Rerkshire (8. vii. 27) 

282 

380 

173 

Rutland (20. vii. 27) 

189 

244 

97 

Lincoln (20. vii. 27) 

226 

332 

175 

Norfolk (1. vii. 27) 

176 

199 

154 

Derby (13. vii. 27) 

228 

382 

147 

Yorks (12. vii. 27) 

239 

299 

192 

NewcaHtlc (8. vii, 27) 

261 

334 

194 

Caernarvon (16. vii. 27) 

175 

224 

88 

AUu-yatwyth (8. vii. 27) 

283 

445 

148 

Glamorgan (13. vii. 27) 

218 

310 

116 

Isle of Man (20. viii. 28) 

163 

228 

88 

Orkney (2. ix. 27) 

209 

307 

156 

Aberdeen (27. vii. 27) 

287 

448 

221 

CJo. Wicklow (16. vii. 27) 

209 

310 

145 

Co. Wexford (vii. 27) 

2(n 

330 

106 

Co. Dublin (13. vii. 27) 

168 

230 

89 

Vo. Armagh (28. vii. 27) 

176 

241 

138 

Co. Tyrone (30. vii. 27) 

276 

371 

178 

Belfast Toxic Tom (27. vii. 27) 

179 

209 

117 

Belfast meadow (9. viii. 27) 

280 

447 

192 

Belfast (11. viii. 27) 

265 

345 

147 

Belfast Exp. Plot (27, vii. 27) 

390 

536 

267 


12. Effect of manuring on midges and grass. 

It might be supposed that manuring would affect the incidence of 
midge attack for two reasons; firstly, the grass might be caused to 
flower at different dates and so not exactly coincide with the normal 
period of oviposition of the midges; secondly, the constituents in the 
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florets might be altered and so affect the oviposition and development 
of the larvae. 

In this connection the classical grass plots at Rothamsted were 
examined. The plots^ at Rothamsted have been manured in the same 
way for a number of years and this has affected the flora to a remarkable 
degree. Dr Brenchley (1924) showed how some types of manuring, e.j. 
nitrate of soda and organic manures, encourage the growth of meadow 
foxtail, while others, heavy dressings of ammonium salts except in 
absence of potash or presence of silicates, starved soils and most incom¬ 
plete manures, do not encourage it. Further, the grass responds to a 
plentiful supply of nutrients providing a sufficiency of lime is applied. 
“It evidently needs an abundant nitrogen supply, but cannot take 
advantage of it if the soil is too acid, and the encouragement by lime is 
very marked.” The accompanying Table VII shows the emergence of 
midges and parasites from various plots. The numbers of the larvae 
present in the florets on June 23rd, 1927, were estimated as follows: 


Plot 1 
7 

13 


4 per cent, florets contained larvae. 


46 

13 


>> 


13+ : 28 
17: 6 




J J 


As C, nierceri larvae had “jumped” by this date, only the larvae of 
D, alopecuri and S, geniciUati are taken into account. It will be seen 
that these estimated larval percentages agree partially with the emer¬ 
gence percentages (Table VII), due allowance being made for a very 
high larval mortality. The increased mortality in these samples com¬ 
pared with the other samples can be explained by the fact that the 
samples were kept dry until January 1928 and then put in insectary 
pots, whereas the other samples were placed in insectary pots as soon 
as they were received. 

Table VIII shows the numbers of florets in heads on different plots. 

It will be seen that on the dung and fish meal plot (13) the heads 
were largest. Prom the table it would appear that the size of the head 
may be changed with the manuring. 


^ Plot 1 is treated each year with 206 lb. of sulphate of ammonia per acre; Plot 7 with 
complete minerals, t.e. 3} cwt. superphosphate, 500 lb. sulphate of potash, 100 lb. sulphate 
of soda and 100 lb. of sulphate of magnesia per acre; Plot 13 with 14 tons dung alternating 
with 6 cwt. fish meal per acre, dressings every 2 years; Plot 13+ the same, with the 
addition of lime at the rate of 2500 lb. ground lime per acre every 4 years; and Plot 17 
is treated with 276 lb. nitrate of soda per acre each year. 
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Table VII. 

Resume of foxtail insectary pots', 1927-8. 


A. English samples 11. Rothamsted grass plots (23. vi. 27). 



No. of 
heads 
and 
florets 

Total 

midges 

bred 

Total 

para¬ 

sites 

bred 

Dasyneura 

Contarinia 

Ulrnndi'plosia 

Lestodiplosis 

In 100 
florets 

Plot 

f 

d 

1 

$ 


$ 


(j 

? 

1 

15 

1,350 

5 

— 

5 

_ 

_ 

_ 

_ 



0-4 

7 

88 

20,108 

785 

40 

246 

532 

_ 

1 

6* — 

_ 


4 

13 

90 

23,620 

71 

9 

19 

28 

2* 

2 

12* in 25 heads 

6 — 1* 


1 * 

0*3 

13 + 

20,^ 

312 

71 

124 

70 

4* 

31 

34* in 25 heads 

47 1* 1* 



2 

17 

90 

lfi,200 

51 

~ 

36 

15 

— 


- - 

— 

— 

0-3 


81,578 

1224 

120 

430 

645 

39 

100 

7 2 

— 

1 

Infectod 


* Emerged in 1927. 


Table VIII. 


Hhowing number of florets per head in different plots. 

Number of florets per head 


r*iot 

Average 

Maximum 

Minimum 

1 

170 

308 

90 

7 

216 

293 

153 

13 

294 

500 

200 

13 + 

255 

313 

198 

17 

180 

213 

128 


It is interesting to note that the hea\ie8t attack did not occur on 
the plot with the largest grass heads, i.e. most florets on which to ovi* 
posit, nor on the plot with the largest number of heads. 

13. Control. 

Spraying for the control of these midges may be considered out of 
the question, since if this were to be done in the winter the spray would 
have to penetrate the seed cases in order to reach two species D. alopecuri 
and S. genwulatij and a soil fumigant would be necessary in order to kill 
the larvae of C. merceri; further, in the summer it would not be practical 
to spray the growing grass heads either with a deterrent or poison. 

A control by a chemotropic substance, or even fires lighted in the 
evenings to attract the (7. merceri females, might be possible. The attrac¬ 
tion to bonfires has been worked with some success in the case of the 
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wheat midge, (7. tritid (Kirby), a species with similar egg laying habits. 
Chemotropism offers a field for research. 

Although the species D. alopecuri is heavily parasitised, any practical 
application of biological control does not appear to be possible. In the 
case of the two other midge species, parasites arc scarce and might be 
of some help. Spiders, a fly and an Anthocorid have been observed to 
capture egg laying females, but in spite of such agencies as these the 
number of midges remains very high. 

A simple method of reducing the numbers of midges is offered. 
Prevent the flowering of the grass until after the bulk of the midges 
have emerged by allowing sheep to graze on the grass until a certain 
determined date. Then close down the field. Such a control safety date 
is used in connection with Hessian fly attack in North America. The date 
for closing down the field would have to vary with the locality, and this 
would have to be the result of careful biological observations over a 
number of seasons. The idea of keeping sheep on the grass resembles 
closely the feeding of sheep on prematurely advanced winter oats 
(“winter proud”) in some districts in the south-west of Elngland. 

In order to test this plan of delaying the flowering of the grass, 
duplicate plots of grass land were kept cut in 1929 until certain dates 
and then allowed to grow to seed. Samples of 25 heads of grass were 
picked from each plot on Jime 28th, 1929, by which time in that year 
the crest of emergence of the midges was past about a fortnight. The 
plots were in Mr Morland’s home apiary at Rothamsted and were known 
to be heavily attacked by D, alopecuri and (7. merceri, while S, geniculati 
was present, but in smaller numbers. As this latter species is double 
brooded, the first brood being early in the year, any control dates for 
the other two species would work for this midge. 

The results of the trial may be tabulated: in each case 25 heads cut 
on June 28th were examined. Plots 2 and 3 cut until May 27th and 
June 10th respectively did not produce any foxtail heads. 

Table IX. 

Showing resuU of examination of 26 heads from duplicated plots. 

Clean D, alopecuri C, rnerceri 


Plot 

Treatment 

heads 

present 

present 

1 

Control not cut 

1 

20 

23 

1 A 

9t 

0 

22 

17 

4 

Cut on April 15th and 29th 

7 

14 

16 

4 a 

»> 

7 

16 

16 

5 

Cut on April 15th and May 13th 

12 

9 

7 

5a 

t» 9f 

11 


10 
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It will be seen that the number of heads infested with midge larvae 
is reduced by allowing the grass to come to seed later. 

In these figures an infected head means one in which at least one 
midge larva was found but gives no idea of the number present, i.e. 
seeds destroyed, which may be anything from 1 upwards. 

In order to examine this more critically the florets of 2.5 heads were 
mixed together and then subdivided until a heap of roughly 500 florets 
was left. The result of this test is shown; 

No. of florets Florets attacked 
Plot No. of florets containing larvae % 

1 671 458 80 

4 541 239 44 

5 646 60 11 

This merely confirms the statement that grass allowed to mature after 
a safety date is cleaner than grass which ripens normally. 

One serious drawback to this method of control is that the grass 
heads which ripen later are smaller, and therefore contain less seeds than 
grass ripening normally. This, however, might be improved, if it were 
worth while, by selecting and plant breeding. In the above experiment 
the extra cleanness of seed more than compensated for the reduction 
in size of head. 

This method of control should be studied more in detail, several 
points being obscure. For example, the date of closing down the crop 
would vary in different districts both with the dates of midge emer¬ 
gences and also soil conditions. The latter difficulty might be overcome 
by the judicious application of artificials. Cockayne (1916), however, 
stated that mowing and stocking with cattle has been tried in New 
Zealand without much success; he also added that it might be successful 
if the life-histories of the midges were properly known. 

Two methods of killing the larvae in the seed cases have been worked 
out by Rostrup (1919), (1) dry heating for 35 minutes to a temperature 
of 59''-60'^ C., and (2) treatment with carbon bisulphide (1 gm. CSg to 
a litre air) in a sealed room for 9 hours. Keeping over the seed for a 
year is also recommended by her. 

14. Summary. 

1. Three midges do serious damage to the seeding of meadow foxtail 
grass; they are Dasyneura alopecuri (Reuter), Stenodiplosis geniculati 
Reuter and Contarinia merceri n.sp. All three occur almost wherever 
the grass is grown. 
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2. The distribution and bionomics of these midges are dealt with; 
D. alopecuri has one brood a year, S. genicidati has two, while C, merceri 
usually has one but occasionally may have two. 

3. “Blindness” or empty husks in meadow foxtail grass is due very 
largely to attacks of C. merceri, which midge does the most extended 
damage. 

4. Keys are given for the separation of larvae, pupae and adults. 

6. Control measures are discussed and a method of keeping sheep 
on the grass until a certain safety date, i.e. a date when the crest of 
emergence of the female midges is over, is strongly advocated in districts 
where the bionomics is known. 
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INSECTS FOUND ASSOCIATED WITH CACAO, SPICES 
AND DRIED FRUITS IN LONDON WAREHOUSES 

By 0. W. RICHARDS, M.A. and G. V. B. HERFOKD, B.A. 

{Department of Entomology, Imperial College of Science 
and Technology, London.) 

(With Plates XXIII-XXXIL) 

Introduction. 

The present paper is an account of the insects found attacking or in 
association with stored products in London warehouses. Our attention 
was mainly directed towards pests of cacao, spices and dried fruit; 
cereals, which would harbour a large number of additional pests, have 
not yet been examined. The survey was carried out in conjunction with 
Mr W. S. Thomson, of the Empire Marketing Board, as part of a study of 
the pests of stored products imdertaken by the Department of Ento¬ 
mology of the Imperial College of Science and Technology, financed by 
the Empire Marketing Board, Mr Thomson’s report on the economic 
importance of insect infestation has recently appeared (Munro and 
Thomson, 1929). Plates XXVIII and XXIX are reproduced from 
Munro and Thomson’s report, by kind permission of H.M. Stationery 
Office, to whom we are indebted for the loan of the blocks. 

In the identification of the insects and arachnids wc have received 
much kind help from the following gentlemen: Coleoptera, Mr K. G. 
Blair, except Staphylinidae which were identified by Dr Malcolm 
Cameron; Lepidoptera, Mr W. H. T. Tams; Hymenoptera, Dr J. 
Waterston and Mr Claude Morley; Diptera, Mr F. W. Edwards and 
Mr J. E. Collin; Hemiptera, Mr W. E. China; Orthoptera, Mr B. P. 
Uvarov; Copeognatha, Mr J. V. Pearman; Arachnids, Mr W. S. Bristowe. 
Commdr. J, J. Walker kindly supplied us with references to the occur¬ 
rence of Araecerus in England. We are also grateful to the gentlemen who 
have allowed us to have access to their warehouses. We have not re¬ 
corded the particular warehouses in which pests were captured, but all 
the records are from London. Our work has been done under the 
direction of Dr J. W. Munro, of the Department of Entomology; to whom 
we are indebted for much encouragement, advice and criticism. 

Ann. Biol, xvn 
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In the following account the pests are arranged systematically, the 
orders succeeding each other approximately ac(jording to their im¬ 
portance. For each species, besides our own food records for adults and 
larvae, we have added a certain number of references to the literature 
to indicate the range of food and the distribution. We have made no 
attempt to give a complete bibliography of any one species. In certain 
cases, where it appeared necessary, we have added notes of a syste¬ 
matic nature. 


COLEOFrEEA. 

Carabtuae. 

PIocMonus pollens P. Adult found in Grenada nutmegs. Has been imported into 
Rouen and Marseilles, Ganglbauer (1892, p. 410). Distribution: Africa, E. Indies, 
N. and 8. America. 

Staphylinidab. 

AiheUx coriarici Kr. Adult found in fermented Jamaica green ginger. Oct. 11th, 
1927. Perhaps preying on the larvae of the fly, Scatopse. Recorded from the sap of 
felled trees, Fowler (1888, p. 110). Distribution: cosmopolitan. 

Atheta irinotata Kr. Probably has the same habits as the preceding. Recorded 
from decaying vegetable matter, Fowler (1888, p. 107). Distribution: Europe. 

Aiheta ni^ricxrmis Thoms. Adult found in very old and much insect-damaged 
Afghan sultanas. Recorded from sap, fungi and decaying vegetable matter, Fowler 
(1888, p. 113). Distribution: Europe. 

Philonthus sordidna Grav. Adult bred from larva found in fermented Jamaica 
green ginger. Oct. 11th, 1927. Perhaps preying on the larvae of the fly, Scatopae. Re¬ 
corded from dung and haystack refuse, Fowler (1888, p. 268). Distribution: Euro|)e. 

Nitidulidae. 

Oarpophilua dimidialua F. Adult found in cacao (Costa Rica, Ecuador, Panama, 
Venezuela, Gold Coast); nutmegs (Grenada, Straits Settlements); ginger (Jamaica); 
sultanas (Afghanistan). Larva found especially in nutmegs; also cocao and ginger. 
Adult occurs all the year round. In Bermuda the adult also occurs in the open on 
various fruits, Ogilvie (1928). Zacher (1929) records it from the following products: 
dried fruit, dates, cacao, wheat, drugs, and earth-nuts. Distribution: cosmopolitan. 

Oarpophilua hemipterua L. (Fig. 1). Adult found in Smyrna figs; Australian dried 
pears; also windows of fruit warehouses. Larva found in Smyrna figs. A common 
pest of dried and fresh fruits, Essig (1915), Myers (1928). Distribution: cosmopolitan. 

Oarpophilua ligneua Murray. Adult found on the windows of a fruit warehouse, and 
of one where cacao and sugar are stored. Blair (1922) records it from: Californian 
dried plums (Liverpool); dried apples (Ponarth); jelly blocks (London); also from Bir¬ 
mingham and Isle of Wight. Prunes and pears in Berlin (Zacher, 1929). Murray (1864, 
p. 351) described it from Mexico. Distribution: N. America and Germany (Zacher). 

Oarpophilua flavipea Murray. Adult found between the double sacks which enclose 
Indian gum damar; the sacks had probably held grain just previously. Described 
by Murray (1864 p. 359) from Celebes and Singapore, 
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Zacher (1929) records several other species of Car])opfdlus found in 
stored products in Germany. The species which we have found may be 
distinguished as follows: 

1. Posterior angles of the thorax completely rounded. Thorax (Fig. 2) flattened, 
shining, with finer punctures. Second antennal joint about as long as third 

Carpophilus ligneus Murray 
Posterior angles of the thorax obtuse but distinct. Thorax more coarsely punc¬ 
tured .2 

2. Second joint of the antennae (Fig. 3) distinctly shorter than the tliird. Blackish 
brown species, legs and antennae red-brown, elytra brown, darker at the scutellum 
and at apex, especially laterally. (Unusually dark or pale specimens are not rare) 

Carpophilus dimidiatus F. 
Second joint of the antennae slightly or distinctly longer than the third. Club 
of antennae usually darker than the funicle.3 

3. Elytra with the shoulders and a largo apical area pale yellow. Second joint of 
the antennae (Fig. 4) distinctly longer than the third 

Carpophilus hemipterus L. 
Pale markings of elytra, when present, kkI- brown.4 

4. Black to very dark brown species with the shoulders of the elytra red-brown. 
Second antennal joint distinctly longer than the third 

Carpophilus flavipes Murray 
Black-brown species with the anterior margin of the thorax, the shoulders, the 
outer third, suture and apex of the (*lytra, red-bro’wm. Second joint of the 
antennae hardly longer than the tliird. C. s]). 

The unidentified Carpophilus was found in West African cacao. 
Mr K. G. Blair tells us that it does not agree exactly with any species in 
the British Museum collection. It appears to be nearest to C, uniti- 
laUis Er. 

We have found the larvae of C, hemipterus and dimidiatus, 
Zacher (1929) figures the larva of the former. They may be distinguished 
by the degree of separation of the anal processes. In C. hemipterus 
(Fig. 5) the emargination between the processes is nearly twice as wide 
as a process, while in C. dimidiatus (Fig. 6) it is narrower than one of 
the processes. 

Trogosittoae. 

Tendbroidea maureianietta L. (Fig. 7). Adult found in Grenada nutmegs; cacao 
(Trinidad, Samoa, Gold Coast); Australian currants and sultanas. Larva common 
in nutmegs, occasional in cacao. Occurs in many stored products, see Back and 
Cotton (1926 a). Distribution: cosmopolitan. 

Tendbfaides dbhngua Shp. We found two dead adult specimens in Samoan cacao; 
it was described by Sharp (1891, p. 423) from two specimens. Distribution: Panama, 
Mexico. 


24—2 





370 Insects found with Cacao, etc., in London Warehouses 

The two species of Tenebroid.es differ as follows: 

Size larger; length about 10 mm.; colour black-brown; eighth joint of antennae 
(Fig. 8) forming part of the club. Apex of the scutellum rounded 

Tenehroides mauretauious 

Size smaller, length 6-7 mm.; colour red-brown; eighth joint of antennae (Fig. 9) 
resembling the seventh, not forming part of the club; souteHum sharply pointed 

Tenebroides oblongua Shp. 

Lophocateres puaiUus Klug. Adult found on windows of cacao and sugar ware¬ 
house. First recorded as British by Newber^^ (1918) from butter-beans in London. 
Roeppke (1926) records it from rice in Java. Distribution: cosmopolitan. 

Lathridiidab. 

Enicmm minvius F. Adult found on damp walls of warehouses. Not found in 
any product; see Wallace (1921) for an account of these beetles swarming on the 
walls of a house. Distribution: cosmopolitan. 

Laihridiua hergrothi Reitt. Adult found on walls of warehouses. LcUhridius 
hergrothi is a comparatively recent introduction, which has now become common 
(Thornley, 1901). Distribution: Euro|X5. 

Corticaria fulm (^om. Adult found in floor sweepings of a cacao and spice ware¬ 
house. Fowler (1913, p. 263) rc^cords this species from a corn-shop, a granary and 
from wino-cellars. Distribution: cosrnopohtan. 

CUCUJIDAE. 

Ahdxsmnts (Caihartm) advem Waltl. Adult found in cacao (Gold Coast, Cameroons, 
Grenada, St Lucia, Panama, Ecuador, Samoa); Jamaica ginger; Grenada nutmegs. 
Found in cacao stores in Germany by Zacher (1926 h). Strong (1921 6, 1922 a), and 
Mfiskew and Strong (1920, p. 724) record this si)ecies from bulbs, herbs, algaroba 
pods, yams, pine nuts and maize. Distribution: cosmopolitan. 

Cathartus {Silvanus) cassiae Reiche. ((7. geineJlatus Dtiv., C, qmdricoUis Gu6r.) 
Adults found on cacao (Gold Coast); also walls of a sugar and cacao warehouse. For 
synonymy see Zacher (1927 a). Often found in maize and other cereals in N. America, 
cf. Strong (1921 a, p. 331), Morrill (1917). First British record Durrant (1921, p. 34). 
Zacher (1926 a) states that the fruits of Cemia fistula are the natural food. Dis¬ 
tribution: Europe, America, Africa. 

Laemopkloeus ferrugineus Steph. Adult found in currants (Greece); cacao (Gold 
Coast); chillies (Mombasa); between the double sacks enclosing Indian gum damar. 
Fowler (1889, p. 298; 1913, p. 263) in granaries, also sometimes out of doors under 
bark or in wasps’ nests. It appears to be most usually found in grain, e.g, Hewitt 
(1920, p. 16) records it from Australian wheat in Canaria. Distribution: cosmopolitan. 

Lctemophloeus iurcicus Grouv. (Fig. 10). Adult found in cacao (West Africa); 
chillies (Mombasa); nutmegs (Grenada), doy (1924) first recorded this species from 
England, having found specimens at Twyford, Berks, in a flour-mill. It is probably 
widespread. Grouvelle (1877) described it from specimens found in Turkish figs. 
Distribution: Europe and the Orient. 

Laemophloetis minvius 01. {pusiUtis Schonh.). Adult found in nutmegs (Grenada); 
cacao (Ceylon, Gold Coast); between the double sacks of Indian gum damar; also on 
walls, etc. of warehouses, Larva found in nutmegs (Grenada). Fowler (1889, p. 298) 
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records it from granaries; Linnaniemi (1920), Argentine maize; Strong (1922 a), bulbs; 
Morstatt (1914, p. 3), cotton seed; Hargreaves (1924), overripe coffee-berries and fruits 
of wild Bubiaceae in Uganda; Rye (1871), filberts. Distribution: cosmopolitan. 

Laemophloeus janeti Grouv.' One adult found in cacao (West Africa). Described 
by Grouvelle (1899, p. 177) from a specimen in West African cacao in Paris; recently 
the biology in the Congo has been described by Mayn6 (1916) and Ghesqui^re (1922). 
Distribution: India, Madagascar, West Africa (Grouvelle, 1908, p. 464). 

Key to the species of Laeniophloeus recorded above: 

1. Antennae (Fig. 11) as long as or longer than the body, the last joint very elongate, 
about five times longer than broad, the two preceding joints more than three 
times longer than broad. Head rather strongly and closely punctured 

Laemophloeus turcicus Grouv. Male 
Antennae less elongate.2 

2. Antennae (Fig. 12) about two-thirds as long as the body, the last joint about 
four times as long as broad, the two preceding joints two and a half times as long 
as broad. Punctuation of the head as in L. turcicus. Thorax more rectangular, 
less narrowed behind than the other species. Size small 

Laemophloeus minutus 01. Male 
AnUmnae (Fig. 13) much shorter, about half as long as the body, or loss, the last 
joint about twice as long as broad, two preceding joints about one and a half times 
as long as br(jad.3 

3. Mandibles with a blunt t^)oth (Fig. 14) on the lower side towards the base. Head 
shining, finely and spars(»ly punctured; head large, thorax considerably narrowed 

l)ehind. Laemophloeus ferruginous Steph. Male 

Mandibles simi)le. Hcjid smaller, thorax less narrowed behind ... 4 

4. Size larger, more elongate. Head shining, with smaller, relatively sparse punc¬ 
tures .5 

Size smaller, less elongate. Head duller, with more numerous and larger punc¬ 
tures .6 

5. Thorax loss shining, more finely punctured; side keel of thoi*ax less developed; 
hind angles of thorax less produced. Souteliura strongly transverse. IClytra 

duller. Laemophloeus ferruginous Steph. Female 

Thorax more shining, but what punctures there are, larger; side keel of thorax 
strong throughout. Hind angles of thorax produced into fine points. Scutellum 
triangular. Elytra relatively smooth and shining 

Laemophloeus janeti Grouv. (? Sex) 

6. Size larger, head more strongly and closely punctured. Thorax more narrowed 

behind. Laemophloeus turcicus Grouv. Female 

Size smaller, head less strongly and closely punctured, though more so than 
L. ferrugineus. Thorax more rectangular, less narrowed behind 

Laemophloeus minutus 01. Female 

It is almost impossible to separate particular specimens jf the 
females of L. jmiUus and X. turcicus. 

The species here identified as L. janeti Grouv. agrees very well with 







372 [meets found with Cacao, etc,, in London Warehouses 

the original description, but the identity cannot be regarded as abso¬ 
lutely certain without comparison with authoritative material. Our 
specimen is perhaps a male. 

Oryzaephilus {Silmmis) mrinumensia L. (Fig. 15). Adult found in sultanas (Greece, 
Sm 3 mia, Australia); currants (Greece); raisins (Australia); dates (Mesopotamia); dried 
po^ars (Australia); mace (Grenada); cacao (St Lucia, Grenada, Samoa). Larva found 
in Australian sultanas. A widespread and omnivorous pest, see Back and Cotton 
(1926?;). Distribution: cosmopolitan. 

Oryzaephilus (S.) mercator Fauv. Adult found in nutmegs (Grenada); chillies 
(Mombasa); cacao (St Lucia, Samoa, Gold Coast); sultanas (Smyrna); also in almonds 
and dates of unknown source. Larva found in nutmegs (Grenada). First recorded 
from England by Tomlin (1905). Fauvel (1889), Guillebeau (1890) and Zacher (1926 h) 
record it from arachis, palm fruits, coconut fibre, granaries, corn-mills and cacao 
stores. Distribution; N. America, Europe. 

There has been some misapprehension as to the secondary sextial 
(characters of the male of 0. mermtor Fauvel. Fowler (1913, p. 124), 
Champion (1896) and Guillebeau (1890) all state that the hind femur of 
the male of this species lacks the tooth found in the male of 0. surinu’ 
7nensis L. In reality this tooth, as well as one on the posterior trochanter, 
is present in the male of both specues. Th(\y diffcT in the length of the 
tcmiplos behind the eye. In 0. •mercato’r (Fig. 16) the temples are less 
than half the vortical diameter of the eye, while in (5. snrinamensis 
(E’ig. 17) th(\y are well over half this distance. 

Cryptophagidae. 

Cryptophagm saglnahis Stm. Adult found in Afghan sultanas. Fowler (1889, 
p. 318) records it as common in war<3houses and also in the open in decaying vegetable 
matter. Distribution; N. America, Europe. 

Cryptophagus scanicus L. (Fig. 18). Adult found in Afghan sultanas; SmjTna figs; 
Australian dried pears. Larva found in Afghan sultanas. Fowler (1889, p. 319) 
records it from vegetable refuse in the open and commonly from houses. Distribution: 
Euroi)e. 

Var. patrudis Stm. Adult found in Afghan sultanas. Tlie variety occurs with the 
type but is much rarer, 

Cryptophagus validus Hbst. Adults found in sultanas (Australia, Afghanistan); 
also damp walls of wareliouses. Larva found in Afghan sultanas. Fowler (1889, 
p. 321) records it from decaying vegetable refuse, sometimes in warehouses. Distri¬ 
bution : Europe^, especially the south. 

Cryptophagus derdatus Hbst. Adult found in Afghan sultanas. Fowler (1889, 
p. 321) records it from decaying vegetable refuse, and Wollaston (1871) from a 
granary in Madeira. Distribution: Europe. 

Cryptoplmgus distinguendus Stm. Adult found on walls of a warch< 3 use. Fowler 
(1913, p. 265) records this beetle from granaries and bakeries; also in the open. 
Distribution: Europe. 
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Cryptophcigus amtangulua Gyll. Found with the preceding 8|KKdes. Fowler (1889, 
p. 322) records it from decaying vegetable refuse and Newbcry (1912) from a London 
warehouse. Distribution: Europe, N. America. 

Cryptophagvs ceUaria Scop. Adult found in Australian sultanas; also common 
on damp walls of warehouses. Fowler (1889, p. 323) records it from decaying vege¬ 
table refuse and cellars; Keys (1920), from bread. Distribution: Europe, N. Africa, 
Turkestan, N. America. 

Cryptopkagua affinia 8tm. Adult found in Australian sultanas. Fowler (1889, 
p. 324) records it from decaying vegetable refuse; Wollaston (1871) from a granary 
in Madeira. Distribution: Europe. 

Henoticua mlifomicua Mann. (germanicAia Reitt.). Adult found in a cacao and 
spice warehouse. First recorded from a London warehouse by NewWy (1912); also 
found in dried fruit in Califoniia by Parker (1915), w'ho recorded it as H, serratus 
Cyll; ace also Champion (1912) for synonymy. Also found in jam, Blair (1920); 
corks, Newbery (1912) and Blair (1920); bread, Keys (1920). Distribution: Germany, 
Franco (Falcoz, 1915, p. 91), England, Holland. Probably a native of America. 

MyOETOPHAGID AK. 

Typha^a atercoraria L. (funmUi L.). Adult found in cacao and spice w^archouse. 
Fowler (1889, p. 349) records it from granary refuse. Distribution: Europe, N. 
America. 

Dermbstipab, 

JJemffMea lardarim L. (Fig. 19). Adult found in cacao (W. Africa, Ecuador, 
Jamaica, St Lucia); nutmegs (Grenivda); dried pears (Australia); be^tween the double 
sat'.ks enclosing Indian gum da mar; alscj common in warehouses. Larva found in 
Aroca nuts (‘/India); cacao (Ecuador); dried peal’s (Australia); also common in 
warehouses. Larvae probably often eating exuviae of other insects, parasitised larvae 
of Ephealia^ etc., rather than the product in whitsh they are found. Fowler (1889, 
p. 358) records it from warehouses. Saunders (1806) found the larva on hides; Zacher 
(1926 5) found it in a cacao-store and O’Mahony (1928) found it damaging tobacco; 
Sacharov (1921) rec?ords it damaging dried fish; Kreycnberg (1928) luis studied the 
lif€^ history. 

Dertnestes mdaverinva F. Adult found in cacao (West Africa); ginger (West 
Indies); spice warehouse. Larva found in cacao (West Africa); Illingworth (1910) 
found it eating dead cockroaches in Hawaii, while Strong (19226, p. 775) found it in 
dried mushrooms. Kimura and Takakura (1919) record it as a pest of dried fish. 
Distribution; cosmopolitan. 

Denneates rulpinua F. Adult found in cacao (Ecuador, Venezuela, (k)sta Rica, 
St Lucia); also on some African cowTies. Larva found in cacao (Venezuela); African 
cowrkis. Most often recorded from hides—Fowler (1889, p. 357), Jonea (1889)—also 
damages tobacco (O’Mahony, 1928) and many other products. Sometimes a serious 
jjeat of dried fish, Illingworth (1918). According to Reh (1927) damage to products 
other than hides is due only to penetration for pupation. Kreycnberg (1928) has 
studied the life history. Distribution; cosmopolitan. 

Dermestes friachi Kug. Adult foimd in cacao and spice warehouse; on cowries 
from Africa. Fowler (1889, p. 357) records it from carritm; Zacher (1926 6) found it 
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in a cacao warehouse and Hamilton (1884) found it damaging dried fish. Distribution; 
Europe, Asia, N. America. 

DermeMea camivorus F. Adult found in cacao (Costa Kica). According to Fauvel 
(1889) it is often imported into France with hides from La Plata. Distribution: 
cosmopolitan. 

As appears from the above list, several species of Dermestes occur 
in stored products which are not included by Fowler (1889, p. 356) in 
his account of the British species. Newbery (1913) has recorded another 
species, D. perutmnus Casteln., introduced at Liverpool. The following 
key, partly based on Ganglbauer’s (1904), distinguishes these warehouse 
species. 

1. Anterior half of the elytra pale brown with a small undulated black mark in the 

centre of each pale area.. . Dermestes lardarius L. 

Elytra unicolorous, black or, when immature, reddish brown .... 2 

2. Eyes normal (Fig. 20), as in D. lardarius, not so convex as to be hemispherical. 
Sides of the thorax for about a quarter of its width with obvious patches of 

white hairs which arc directed inwards.3 

Eyes large (Fig. 21), fully hemispherical. Sides of thorax without such obvious 
hair-patches, what hairs there are being directed backwards .... 5 

3. Apex of each elytron produced into a fine point. White hairs absent from a small 

round spot near the hind angles of the thorax . . Dermestes vulpinus F. 

Apex of each elytra not produced. No black spot in the lateral hair-patches 4 

4. Antennal club (Fig. 22) pitchy red, narrower, less compact; seventh joint not 

laterally jjroduced, eighth only slightly so. Metastemum and second abdominal 
stemite with dense fine punctures and a few scattered much larger ones. Male 
with small tufts of yellow hairs arising from minute depressions in the centre 
of the disc of the third and fourth abdominal stemites Dermestes carnivorus F. 
Antennal club (Fig. 23) black, broader, more compact. Punctures of the meso- 
stemum and second abdominal sternite larger and of uniform size. Male with a 
small tuft of hairs on the fourth stemite only . . Dermestes trisclii Kug. 

5. The impressed lateral lines of the first abdominal stemite strongly curved out¬ 
wards, arising at the outer comer of the opimeron of the metathorax. Male with 
a small tuft of yellow hairs in the centre of the disc of the fourth abdominal 

stemite.. Dermestes peruvianus Casteln. 

The impressed lateral lines of the first abdominal stemite more curved inwards, 
arising at the inner comer of the epimeron of the metathorax or in the centre 
of the hind margin. In the male both the third and fourth abdominal stemites 
with tufts of yellow hairs. Dermestes cadaverinus F. 

The Dermestes larvae which have so far been obtained in the survey 
are those of D. lardarius L., D, cadaverinus F. and D. mlpinus F. 

They may be most easily distinguished by means of the spines on 
the dorsal surface of the penultimate abdominal segment. 
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1. Spines (Fig. 24) nearly at right angles to the body, ourvcxl, placed close together 
as in a V, the actual tips directed backwards; no pronounced median bristle 

Dermestes lardarius L. 

2. Spines (Fig, 25) sloping to the rear, straight, witli a definite space between their 

bases; no pronounced median bristle . Dermestes cadaverinus F. 

3. Spines (Fig. 26) sloping to the rear, recurved, set moderately close together, with 

the actual tips directed forwards, a pronounced curved median bristle placed 
slightly behind them.Dermestes vulpinus F. 

Karsch (1887) gives a key to separate a number of Dermestes larvae. 
Rey (1886, 1889) describes those of D. cadaverinus F. and D. vuh}nnus F. 
in great detail. Ganglbauer (1904) gives further references. 

AUagenua pdlio L. Adult found on windows of warehouses. Fowler (1889, p. 359) 
states that it is a common household insect. Distribution: cosmopolitan. 

Antfirenus verhaaci L. (varitis F.). Adult found in cacao (Ecuador); also on 
windows, etc. of a cacao and spice warehouse. Fowler (1889, p. 363) records it attacking 
natural history specimens and Felt (1919) found it breeding in maize. Distribution: 
cosmopolitan. 

Helocerua fuacua 01. (daviger Er.). Adult found in cacao and spice warehouse. 
A household insect, also recorded by Fowler (1889, p. 364) from flowers in the open. 
Distribution: Europe, N. America. 

SCARABABmAE. 

Cyvlocephala teirica Voet. One dead adult found in nutmegs (Grenada). Distri¬ 
bution: Jamaica. 

Diplognatha aUace/i Moel, One dead adult found in coffee (? origin). Distri¬ 
bution: 8.E. and Central Africa and Angola. 

Phileurus didynuis L. One dead adult found in nutmegs (Grenada). Distribution: 
S. America. 

G1.ERIUAE. 

Coryndea analia Kl. One living adult found in cacao and spice warcdiouse; ? West 
African c5acao. Distribution: Africa. 

Necrobia riifipes I)e G. Adult found in cacao (W. Africa, Samoa); nutmeg 
(Grenada); figs (Smyrna); African cowries; also common in warehouses. Larva found 
in cacao (West Africa, Samoa). Probably often spreads into the Samoan cacao from 
the copra on the same ship. Rcjcorded from cacao by Zachor (1926 ?>) but a more 
important ptwt of copra, Aders (1916), Roeppke (1926), and Corbett and Dover (1927). 
Distribution: cosmopolitan. 

Than>eroderus bvqueM I^efevr. Adult found in cacao (Ceylon); also occasionally 
found by miscellaneous collecting in warehouses. Larva found in Ceylon cacao. 
Recorded by Fowler (1913, p. 280) iis occurring in ginger from Bombay and preying 
on Laaioderma aerricome F. and by Keuchenius (1917) preying on the same beetle 
in tobacco in Java. Distribution: India, imported into Europe. 

PriNIDAB. 

Oibbium psyUoidea Czemp. {acciuia Kl.). Adult found in floor-sweepings of a cacao 
and spice warehouse. Fowler (1890, p. 185) records it from old houses in decaying 
refuse; Fletcher and Ghosh (1920), who found it in granaries in India, figure aU 
stages. Lucas (1884) found it in cayenne pepper. Distribution: cosmopolitan. 
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Niptus hololeticua Fald. Adult found in cacao and spice warehouse, Zacher 
(1927 h) has recently described the omnivorous habits of this species. Since Kolbe 
(1889) described its spread in Europe, this species has, especially recently, become 
a more impiortant pest. Distribution: Europe, N. America. 

Ptinua fur L. Adult abundant on sacks of ginger (? Jamaica); also common on 
walls of warehouses. Recorded from West African cacao by Knapp (1921); also a 
common household insect, Fowler (1890, p. 181). Boieldieu (1856) and Zvierezomb 
(1917) recorded it from granaries; Miller (1922), from dates; Carpenter (1920), from 
henbane seed. Distribution: cosmopolitan. 

Ptinua Uctua Boield. (Fig. 27). Adult found in cacao (W. Africa, Dominica, 
Grenada); nutmegs (Grenada); almonds (? Spain); ginger (Jamaica); figs (Smyrna); 
sultanas (Australia, Afghanistan); dried pears (Australia); dried apricots (Australia). 
Larva found in cacao; dried pears; dried apricots; sultanas. Beare (1904) first re¬ 
corded this beetle as British, but it had already at that date spread to some extent 
in England, though not so common as it is now. At the present day it appears to 
have replaced P. fur L. as the commonest British species; Zacher (1927 a, p. 112) 
gives a long list of foods. Distribution: probably native of Tasmania (Champion, 
1904); also occurs in Australia and New Zealand, N. America. Has recently reached 
Germany, Zacher (1922). 

Piinua latro F, Adult found in cacao and sugar warehouse. Fowler (1890, p. 182) 
records it os very rare in England in houses. Boieldieu (1856) records it from granaries. 
Distribution: Europe. 

Piinua hrunneus Duft. Adult found in a cacao and sugar, and in a dried fruit 
warehouse. Fowler (1890, p. 181) records it from warehouses and Boieldieu (1856) 
from granaries. Distribution: Europe, N. Africa, Asia, N. America, and New 
Caledonia. 

Trigonogenius glohulum Sol. Adidt found in dried pears (Australia). First re¬ 
corded in England by Tomlin (1900) from floui’-mills in Lancashire; Strong (1921 a, 
p. 332) found it in vegetable ivory (Phytdephaa); Scott (1921) records it breeding in 
argol. Distribution: native of Chile; Germany and America. 


Anobhoae, 

Anohium punctatum De G. Adult not rare in the woodwork of warehouses. 
Larva found in woodwork. The well-known furniture beetle. Distribution: cosmo¬ 
politan. 

Sitodrepa (Anobium) panicea L. Adult found in cacao and spice warehouse; dried 
fruit warehouse. Zacher (1926 h) records it from a cacao warehouse in Germany. 
Fowler (1890, p. 191; 1913, p. 280) gives as foods old bread, flour, lettuce seeds, 
ginger, dead insects and vermicelli. Den Doop (1917) records it from coriander and 
caraway seed. Mokrzecki (1916) found it a pest of stored grain. MocgiUaviy (1907) 
records it from strychnine. Distribution: cosmopolitan. 

Catorama herbarium Gorh. Adult found in nutmegs (Grenada); also on windows, 
etc. of cacao and spice warehouse. Dash (1917) and de Faria (1919) record this beetle 
attacking books and furniture in Barbados and Brazil, respectively. Fisher (1920, 
p, 62) found it damaging brooms in the Panama canal zone. Distribution: S. and C. 
America, West Indies. 



O. W. Richards and G. V. B. Hkhkord 377 

Lmioderma serricorne F. Adult found in cacao (West Africa); nutmegs (Grenada); 
ginger (Jamaica). Larva found in ginger. Most notorious as a pest of tobacco. 
Runner (1919). Fowler (1890, p. 195) records it from ginger and liquorice; Maskew 
and Strong (1920, p. 724) from aniseed, pumpkins and tamarind seeds; Den Doop 
(1917) from coriander and caraway seeds. Distribution: cosmopolitan. 

BoSTHYCmDAB. 

Dinoderus minutus F. Adult found in ginger (Jamaica); cacao and spice warehouse. 
Fowler (1913, p. 149) rt^cords it from roots, and cotton. De C’harmoy (1915, p. 7) 
found it attacking maize in Mauritius. 1-iesnc (1924, p. 60) also lists the woods 
that are attacked. Distribution: tropicopohtan and intrcxluced into most of the 
temperate regions. 

Lyctidae. 

Lyctus brunneus Steph. Adult found in an old log lying in a cacao and spice 
warehouse. Not a pest of the products dealt with in the present paper. Lesne (1924, 
p. 84) summarises its habits. Distribution: Europe, Japan, Madeira, Africa, West 
Indies. 

ClSSlDAE. 

Cis pygtmeus Mareh. Adult found in decayeil green ginger (Jamaica). Usually 
found—Fowler (1890, p. 210)—on fungi on trees. Distribution: Euro|>e. 

Tenebrionidae, 

Alphitohius diaperinu/i Pz. Adult found in cacao (Ceylon); between the double 
sacks enclosing Indian gum damar. The synonymy of this and the following species 
is 80 confused that it is almost impossibk* to assign records to one or the other species. 
Both, however, appe4ir to occur as minor jx^sts in a variety of products, e.g. cereals, 
linac^ed, ooti<m seed, cacao, chocolate, ground nuts and tobacco. Distribution: 
cosmopolitan. 

Alphitohius laerigatm F. Adult found in cacao (Trinidad). Sec the remarks under 
the prectjding sjx'cies, Distrdmtion: cosmopolitan. 

QruUh^crus comutus F. Adult found in a cacao and spico warehouse and in 
ginger (Jamaica). Recorded by Fowler (1891, p. 20; 1913, p. 295) from flour, meal 
and bread. Traizet (1895) also foimd it very abundant in a bakery. Shepherd (1924) 
and Morison (1925) describe the life history, and the latter shows that it thrives best 
in prcxlucts already infested by other insects. Distribution: cosmopolitan. 

(hiathocerus maxillosas F. Adult found in nutmegs (? origin) and in a cacao and 
spice warehouse. First British record, Durrant (1921, p. 34), from maize. Maskew 
and Strong (1920, p. 724) found it in pumpkin and tamarind seeds. Distribution: 
France, Africa, Madeira, N. America. 

Tribolium ca.^taneum Herbst. (T. ferrugineum auett. nec. F.) (Fig. 28). For the 
synonymy of this species see Blair (1913). Adult found in cacao (W. Africa, St Lucia, 
Trinidad, Grenada, Panama, Costa Rica, Venezuela, Ecuador, Ceylon, Samoa); 
nutmegs (Grenada, Straits Settlements); chillies (Mombasa); almonds (Palestine); 
seed tapioca (Batavia); sultanas (Afghanistan); figs (Smyrna); sacks of rubl)er 
(? origin); betw^een the double socking enclosing Indian gum damar. Larva found 
in nutmegs (Grenada). Adult much the commonest in the summer months. The life 
history has boon described by Fletcher (1914), Recoided from a great variety of 
products: stored cereals, Fletcher and Ghosh (1920); bran and flour, de Charmoy 



378 Insects^ound with Cacao, etc,, in London Warehouses 

(1915, p. 12); lentils, Dupont (1916); butter-beans, Newbery (1918); arachis, Roubaud 
(1917, p. 54); dried fruit, Myers (1928); lac, Imms and Chatterjoe (1915, p, 37). 
Distribution: cosmopolitan. 

Tribolinm confueum Duv. Adult foimd in cacao (St Lucia). It is recorded from 
beans and wheat, Strong (1922 6, p. 776); rice, com, biscuits and cashew nuts. Bodkin 
(1916); ground nuts, Roubaud, (1917, p. 54); cacao warehouse, Zaoher (1926 6). 
Girault (1912) records further foods. Distribution: cosmox>olitan. 

Fowler’s key (1891, p. 18) separates only the males of Onathocerm 
and Tribolium, The following key is available for both sexes, and includes 
G, 7naxillosus F., not recorded by Fowler. 

1. Mandibles with a large tooth directed upwards. Clypeus anteriorly deeply sinuate 

opposite this tooth.2 

Mandibles without a tooth, Cl 3 peus rounded anteriorly. 3 

2. Mandibular teeth much narrower at the apex than at the base, where each tooth 
is about as broad as the distance between them. Cl 3 peus produced into a rounded 
projection between the teeth (Fig, 29). Length 4-4J mm. 

Gnatbocerus comutus F. Male 
Mandibular teeth narrower, of the same width almost to the apex; at the base 
each tooth is about one-third as broad as the distance between them. Clypeus 
produced into a truncate, subquadrangular projection between the teeth (Fig. 30). 
Length 3-3| mm. Gnathocerus maxniosus F. Male 

3. Clypeus more finely and sparsely punctured than the vertex, and situated at a 

lower level. Elytra smoother and more shining.4 

Clypeus and vertex continuous and equally strongly punctiuxxi ... 5 

4. Thorax fully one and a half times as broad as long. Greatest width of the head 

is just in front of the eyes (Fig. 31) . . Gnathocerus comutus F. Female 

Thorax (Fig. 32) about one and a quarter times as broad as long, or less. Greatest 
width of the head is across the eyes . Gnathocerus maxillosus F. Female 

5. Apical three joints of the antennae forming a club. Vertex not raised into a 

definite ridge overhanging the eyes . . . Triholium castaneum Hbst. 

Apical three joints of the antennae not forming a distinct club. Vertex raised on 
either side into ridges overhanging the eyes (Fig. 33) 

Triholium confusum Duv. 
Caenocorae atibdepreasa Woll. Adult found in cacao (West Africa). Recorded 
by Fowler (1913, p. 173) from granaries and by Champion (1896) from arachis. In 
U.S.A. it has been found under bark—Chittenden (1896). Distribution: probably 
cosmopolitan. 

Sitophagus JuHoUpioides Castln. Adult found in nutmegs (Grenada). Described 
from Cayenne and imported into Madeira (Wollaston, 1858 a) and Marseilles (Mulsant, 
1854); in each case being redescribed; see synonymy in Heyden (1906). Distribution: 
S. America, imported into Madeira and S. Europe. 

The genus Sitophagus runs down in Fowler’s (1891, p. 18) key to 
the Tenebrionidae, subfamily Ulomina, to Alphitobius. S. holokpioides, 
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however, is a much flatter and rather more shining insect than either of 
our two species of Alphitobius; the explanate margin of the e])’tra ends 
abruptly some distance before the apex; the elytral interstices are 
hardly punctured; the antennae are at least one and a half times as 
long as the head (in Alphitobius about as long as the head). 

Mokommidab. 

Monomma hrunnmm Thoms. Adult found dead in a case of papain (Ceylon). 
Fletcher (1916) found that this species breeds in the rotten stems of the Papaya, the 
tree from which papain is derived. Distribution: India. 

Anthicidab. 

Anthicus australis King. One dead adult found in dried pears (Australia). Distri¬ 
bution; Australia. 

Anthicus florcdis L. One living adult found in cacao (Samoa). Durrant (1921, 
p. 34) found it in maize. Distribution: cosmopolitan. 

Anthribidab. 

Araee^rits fascictilatus De G. (Fig. 34). Adult found in cacao (West Africa, 
Panama); nutmegs (Greniida, Singapore). Common in nutmegs and West African 
cacao, rare in West Indian and South American cacao. Larva found in cacao and 
nutmegs. Day (1908) lists the occurrence of this species in England in the last 
century. A general account is given by Reh (1907), Tucker (1909) and Munro and 
Thomson (1929), while Cotton (1921) has described the larva and pupa. It has been 
found in many prcxiucts: Areca cakchv, Beeson (1919); yams, Maskew (1920); sweet 
potatoes, Seurat (1901); cassia and ginger, Fauvel (1889); nutmeg, Strong (1922 &, 
p. 776); monkey-pod, Bridwell (1920 a); coffee, Friederichs (1927); cacao, Knapp 
(1921); mace, Chittenden (1916, p. 14); strychnine, Macgillavry (1907). Distribution: 
cosmopolitan. 

CURCTJLIONIDAE. 

Caulophilus kttinasus Say. Adult found in ginger (Jamaica). Larva found in 
ginger. Cotton (1922) gives a general account and in (1921) describes the larva and 
pupa. It feeds on maize, chick-peas, millet, acorns, avocado and, more rarely, the 
roots of Colocasm esaulenta and the sweet potato. In Southern U.S.A. it feeds on 
maize in the open. Distribution; Central America, West Indies, southern U.S.A., and 
Madeira. 

Sitophilus (Calandra) granarius L. Adult found in currants (Greece); figs (Sm>Tna). 
This important cereal pest does little damage to the products dealt with in the 
present paper. Distribution: cosmopolitan. 

SiiopkiltLS (C.) oryme L. Adult foimd in tapioca (Batavia); sacks of rubber 
(? origin). See preceding species. Distribution: Cv^smopolitan. 

Ipidab. 

Stephanoderes buseki Hopk. Adult found commonly in nutmegs (Grenada), but 
always dead. Distribution: Described from Trinidad by Hopkins (1915, p. 30). 

Dryocaetea sp. Adult found in nutmegs (Grenada). 
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LEPIDOFTBRA. 

PlIYCmOAK. 

Plodia interpunctdla Hb. (Fig. 35). Adult found in sultanas (Australia, Sm 3 n*na); 
currants (Greece); figs (Smyrna); prunes (Cyprus); dried pears (Australia); dried 
apricots (Australia); almonds (? Spain); raisins (California); larva found in the same 
products as the adults. Myers (1928) htis recently dealt with the life history and 
habits. Also recorded as feeding on: grain, Girault (1912); pea-nuts, Popenoe (1911); 
arachis, Roubaud (1917, p. 55); chillies. Strong (1922 a); palm-seed. Strong (1921 a, 
p. 334); chestnuts, nougat, Fallou and Ragonot (1871); figs, currants, dried bilberry 
( Vaccinium), almond, seeds of stone-pine and spruce, Sorhagen (1882). Distribution: 
cosmopolitan. 

Ephestia elviella Hb. (Fig. 3f»). Adult found in cacao (all countries examined); 
nutmegs (Grenada); sultanas (Australia); prunes (Cyprus). Larvae found in cacao and 
prunes. The common ^)est of cacao, see Rch (11K)7), Zacher (1926 b) and Munro and 
Thomson (1929). Kirby as early as (1884) recorded it attacking cacao in London. 
Also stated to attack arachis, Mason^ (1915); flour, stored grain, etc., Mokrzecki 
(1916); ceratonia beans, Kicffer (1914, p. 535). Many records must be regarded as 
doubtful owing to the difficulty of identification. Distribution: cosmopolitan. 

Ephestia cautdla> Wlk. Adults found in sultanas (Australia); currants (Greece); 
figs (Smyrna); nutmegs (Grenada, Strait Settlements); cacao (Grenada, St Lucia, 
Venezuela, Costa Rica). Larvae found in sultanas, currants, figs, nutmegs. Myers 
(1928) describes the attacks of tliis species on dried fruits. Zacher (1926 ?>) records 
it from a cacao warehouse in Germany. It also attacks arachis and many other foods, 
Roubaud (1917, p. 56), Chittenden (1911). Many of the records must be regarded 
as doubtful owing to the difficulty of identification. Distribution: cosmopolitan. 

Ephestia kuhniella Zell. Adults apparently very rarely found in cacao warehouses 
but a pest of cereals and cereal products. Burkhardt (1920) has recently dealt with 
the life history. Knapp (1921) states, possibly as a result of mis-identification, that 
it is the commonest species in cacao warehouses in England; according to Zacher 
(1926 h) the larva will only feed on cacao if bred up on it from the egg. Sheppard 
(1926) records it from dry chillies and lx)ans, and Dieiizeide (1926) states that potatoes, 
cacao and biscuits are attacked in storage. Distribution: cosmopolitan. 

MyeJcis ceratoniae Zell. Adult found in a dried fruit warehouse where perhaps it 
had emerged from Smyrna figs. Recorded from shelled almonds, Sheppard (1926); 
Robinia seexls, walnuts and chestnuts (CastaneM), Lounsbury (1919); navel oranges. 
Anon (1926, p. 197); fruits of Erythriva nuniosperina, Swezey (1923); carob (Ccra- 
tmia), dates, raisins, dried figs, fruits of Cydonia japmica and dried insects, De 
Stefani (1919). Distribution: Europe, Syria, Africa, South America. 

We have made a study of the genitalia of the species of Ephestia 
recorded above. We propose to deal with these structures in greater 
detail on another occasion, but some brief notes are necessary here 
to indicate what we mean by the names we have employed. We have 

^ In Mason’s report (1915) the larva feeding on arachis was merely identified as a 
Pyzalid. The adult was identified at the Imperial Bureau as E. cautdla Wlk., but a 
wrong specific name was given when the identification was published in the liemew of 
Appl. Ent. This misnomer was repeated by Munro and Thomson (1929, p. 22). 
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not yet been able to examine the types of any of the species but we 
have proceeded on the following assumptions. The most important 
Ephestia attacking cacao is dutella lib. After examining about a 
hundred specimens either c.aught where cacao was stored or bred from it, 
and finding that nearly all the specimens have one type of genitalia, 
we have called moths with genitalia of this type, E. dutella. In the same 
way E. kuhniella Zell, is mainly attached to cereal products; this 
species, however, is distinguishable by its larger size, elongate wings, 
and by the particular shade of grey of the wings alone. Finally an 
Ephestia which we have found in dried fruit warehouses, in nutmegs 
and more rarely in cacao, we have called E. cautdhi Walk. We have 
bred a species allied to but apparently distinct from E. cautell/z from 
some Cameroon cacao. This species we have not yet identified with any 
previously described Ephestia. In Figs. 42 and 46 we have illustrated 
the genitalia of the male and female of Plodia for comparison. 

Males. 

1. Dorsal edge of the clas{)er without a tooth-like process 

Ephestia elutella Hb. (Fig, 38) 
Dorsal edge with a tooth-like process.2 

2. This tooth consists merely of a production, near the apex of the clasper, of the 
continuous longitudinal thi(;kcning of the dorsal edge. Oedeagus with a narrow, 
strongly chitinised everaiblo bar. Tegumen not produced at the apex 

Ephestia kiihniella Zell. (Fig. 39) 
The tooth arises before the a|>ex of the longitudinal thickening. Oedeagus with 
a broad eversible plate. Tegumen produced into a finger-like process on the outer 
side of the base of each clasper . . . Ephestia cautella Wlk. (Fig. 40) 

The male of the unidentified species from Cameroon cacao may be 
distinguished from that of E, cautelh by means of Figs. 40 and 41. 

Females. 

1 . Eighth sternite more than twice as long as broad. Ovipositor lobes together more 

than twice as long as broad. Ductus bursae without a longitudinal thickening, 
bursa with one or two small chitinisations . Ephestia kuhniella Zell. (Fig. 43) 
Eighth stemite quadrate.2 

2. Ovipositor lobes together fully twice as long as broad. Ductus bursae without a 
longitudinal thickening, bursa with a row of about seven chitinisations 

Ephestia elutella Hb. (Fig. 44) 
Ovipositor lobes together not much longer than broad. Ductus bursae with a 
longitudinal thickening, bursa with two to four chitinisations 

Ephestia cautella Wlk. (Fig. 45) 

Females bred with the peculiar males from Cameroon cacao differed 
from ordinary E. cautella females in having four chitinisations in the 
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bursa and in having a broader chitinised band connecting the lateral 
areas of the eighth tergite; this band also lacked a central, tooth-like 
projection. These difiEerences, however, are not outside the range of 
variation of normal E. cautella. 

GAlXEKnOAB. 

Corcyra cephalmica Stt. (Fig. 37), Adult found in currants (Greece); nutmegs 
(Grenada); cocao (Trinidad). Larvae found in nutmegs (Grenada); cacao (W. Africa, 
Grenada, Trinidad, St Lucia, Venezuela, Ceylon, Samoa), Chittenden (1919) describes 
the life history; he records attack on rice, cacao, chocolate, ships biscuits and sesame 
seeds; Koubaud (1916) on arachis; Ritchie (1926) on bullnish mUlet; Vayssi^re and 
Mimeur (1926) on cotton seed. Distribution: Cosmopolitan. 

Trachylepidia fnicticassidla Rag. Larvae found in Cassia fistula pods. Van Emden 
(1925) found the larva in the same product in Germany. Distribution: India. 

Oecophobidab, 

Endrosis lacteUa Schiff. Adult found in warehouses. Meyrick (1928, p. 668) 
records it as a common house moth, whose larva feeds on dry vegetable refuse. 
Distribution: Cosmopolitan. 

Borkhaiisenm psendospretdla Stt. Adult found in warehouse^j. Meyrick (1928, 
p. 671) records it as the common house-moth, whose larva feeds on seeds, dried 
plants, insects, skins, etc. Distribution: Cosmopolitan. 

Tineidab. 

Tinea granella. L. Adult found in dried fniit warehouses. Larva found in 
pistachio nuts (? origin); in a dried fruit warehouse, perhaps breeding in Smyrna figs. 

HYMENOPTERA. 

Bethylidab. 

Hokpyris hawaiiensis Ashrad. (Pig. 47). Adult found in cacao (W. Africa, St 
Lucia, Venezuela, Ceylon); chillies (? origin); also living in refuse in the war(^hou8e. 
Ashmead (1901) described this species from Hawaii. We have examined the typo in 
the British Museum and find that the legs are entirely yellowish and the wings hyaline. 
Our specimens, as in Kieffer’s (1914) description, have a dark patch on the wings 
before the apex; they differ from his description, however, in having the four posterior 
femora dark. Structurally our specimens are so like the type, that we regard them 
as one species. Bridwell (1920 6, p. 311) found that the adult wUl attack the larvae 
of Plodia and Ephestia in captivity; we have also found it would attack larvae of the 
former moth. Distribution: Hawaii, probably spreading by commerce. 

Cephalonomia cariruda Kieff. Adult found in cacao (W. Africa, Costa Rica, 
Ceylon); sultanas (Australia); currants (Greece); chillies (? origin). Described by 
Kieffer (1907, p. 295) from Albania; Myers (1928 p. 21) has shown that it is a parasite 
of the beetle, Oryzaephilus surinamensis L. Distribution: Australia, England, pro¬ 
bably cosmopolitan. 

Wc have also found another Bethylid in Cameroon cacao; in Kieffer’s 
(1914) key it runs down to the genus Plastanoxus, but it has bare eyes. 
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It probably belongs to an undescribed genus, but our material is at 
present very scanty. 

lOHNBTJMONIDAE. 

Campoplex prytanes Cam. Adult found in dried fruit warehouse and identified 
by Mr C. Morley. Probably a parasite of Epheatia. Distribution: described by 
Cameron (1903) from Darjeeling. Morley (1913) adds no further records. 

Beaoonidab. 

Microbracon {Hahrobracon) hebetor Say. (brevicortiia auett. in part) (Fig. 48). 
Adult found in cacao (all countries examined); sultamis (Australia, Smyrna); currants 
(Greece); figs (Smyrna); dried pears (Australia). Often very abundant in cacao and 
sultanas. Adults mainly in the late summer. Larva a parasite of those of Plodia^ 
Ephestia, The synonymy has been discussed by Cushman (1922) and Mueeebeck 
(1925). It appears to attack exclusively larvae of moths which hve in storexl products, 
e.g, EphesHa spp, Plodia, Galleria, SUotroga. Hase (1922) and Myers (1928) have 
described its habits. Distribution: cosmopolitan. 

Doryctes gaUicus Reinh. Adult found in dried fruit warehouse. Richards and 
Thomson (1928). ? Parasite of a wood-boring beetle in fruit boxes. Distribution: 
France, England. 

Encybtidae. 

Zeteticontm laevisciUum Thoms. Adult found in sultanas (Afghanistan). Larva 
a imrasite of full-fed larvae of Cryptophayas validus and probably also of C. acunicua. 
Described by Thomson (1876, p. 166) from Sweden, but apparently not since recog¬ 
nised. Distribution: Europe. 

DIFTERA. 

Anisopodidae. 

Amsopus fenestralia Scop. Adult found on the windows of a diied fruit warehouse. 
This species breeds normally in dust, etc., on floors. Distribution: Euroiie, N. America. 

Anisopas punctatiis Mg. Adult found on the windows of a cacao and spice ware¬ 
house. Larva found in floor sweepings. Its habits are the same as the preceding 
species. Distribution; Eurojie, N. America. 

SCATOPSIDAE. 

Scatopae fuacipes Mg. Adult foimd in fermenting green ginger (Jamaica). Larva 
found with the adult. Larvae have been found in dung and rotting onions. Edwards 
(1925, p. 274). Distribution: Tasmania, Peru, N. America, Europe. 

Myobtophelidab. 

Sciara anntdata Mg. Adult found in fermenting green ginger (Jamaica); sultanas 
(Australia); also on warehouse window. Has been reared from larvae \rhich w^ere 
damaging ououmbers. Edwards (1924, p. 538). Distribution: Europe. 

SCBNOPINIDAB. 

Seempinue (Omphrale) feneatralis L. Adult found on windows of warenouses. 
Larvae probably feed on those of other insects, see Krober (1925), Distribution: 
Europe, N. Africa, N. America, India. 

Ann. Biol, xvn 
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Musoidab. 

CaUiphora erytkrocepkala Mg. Adult common on warehouse windows. The common 
blow-fly. Distribution: cosmopolitan. 

Anthomyidab. 

Fannia canicvlaria L. Adult common on warehouse windows. One of the com¬ 
moner domestic flies. Distribution: cosmopolitan. 

SpilogcLster vUighuosa Fall. Adult found on a box of Giwk currants. Chevalier 
(1924) has shown that the larva feexls on those of such domestic moths as BorkJmusenia, 
Distribution: Euroj>e, N. America. 


Borboridak. 

Limmina syh^iica Mg. Adult found on warehouse windows. Usually associated 
with manure and decaying vegetable matter. Distribution: Europe and N. America. 

Limosina fuvgicola Hal. Adult found on warehouse windows. Common in de¬ 
caying vegetable matter; often found on house windows. Distribution: Europe. 

Linimim crassinvana Hal. Adult found on warehouse window's. Distribution: 
Europe and America. 

Limosina heteronmira Hal. Adults bred from fermented green Jamaica ginger. 
Larva found in ginger. Distribution: Europe, Africa and Formosa. 

Drosophilidae. 

Drosophila funebrisF, Adult found in figs (Smyrna); also on w'arehouse window's. 
The commonest domestic species, bre-eding in all kinds of decaying animal and 
vegetable matter. Distribution: Europe, N. America, N. Africa. 

Drosophila obscura Fall. Adult found on warehouse window. A fairly common 
domestic species. Distribution: Europe. 

Drosophila 'tmlanogaste.r Mg. Adult found in figs (Smyrna); sultanas (Afghanistan); 
also warehouse windows. The well-known fruit fl}'. Distribution: Euroix», N. America, 
Cuba, N. and S. Africa. 

Drosophila sp. near D. repUta Woll. Adult found in figs (Smyrna). 

Drosophila fenestrarum Fall. Adult found on warehouse w'indow. A common 
domestic species. Distribution: Europe, N. Africa. 

Drosophila immigrans Sturt. Adult found on warehouse window. Distribution: 
N. America, Europe, Formosa. 

Scapiomyza tetrasticha Beck. Adult found on w'arehouse window'. L^sually an out- 
of-door species, raining the leaves of Crucifers. Sturtevant (1921), however, records 
that allied forms, also normally leaf miners, will breed in tomatoes, potato tubers 
and banana agar. Distribution: Europe. 

The following is a key to the Drosophilids mentioned above:' 

1. Thorax dull grey with the bristles standing in dark spots. Fore tarsi in the male 
on the inner side with long outstanding hairs, which are longer than the second 

tarsal joint. Drosophila sp. near D, repleta Woll. 

Thorax unicolorous or with continuous stripes. Male front tarsi without these 
long hairs . , ..2 
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2. Front femora on the antero-ventral surface with a row of small black bristles. 
Cross veins and the ends of the second, third and fourth veins irrorated with black 

Drosophila immigrans Sturt. 
Front femora with only the usual long jiostoroventral bristles. Wings hyaline 3 

3. Thorax with only four rows of acrostichal bristles (two rows posteriorly). Facial 
keel not produced downwards into a nose-like i3roces8. One of the bristles at the 

end of the palpi large and stout, the others small.4 

Thorax with six or more rows of acrostichal bristles. Facial keel nose-like. 
Bristles at the end of the palpi smaller and at least two of (^qual size . . 5 

4. Yellowish species with a blackish abdomen. Arista of antennae with two long 
hairs on its ventral surface before the apical fork. Male genitalia large. Male 
with the first two joints of the anterior tarsi on the inner side with tufts of 
whitish hairs at the apex .... Drosophila fenestrarum Fall, 
drey species with a yellow' head and darker abdomen. Arista ventrally with only 
one such hair. Male genitalia small, anterior tarsi simple 

Scaptomyza tetrasticha Bcck(;r 

5. A dull black-brow’n species with a more shining abdomen. One vibrissa much 

larger than the others. Merlium-sized species . . Drosophila obscura Fall. 

At least the pleura pale yellow. Two large vibrissae.6 

(). A large brownish 8|Hx;ie8, sometimes with traces of reddish stripes on the thorax. 

Male anterior tarsi simple.Drosophila funebris F. 

A small yellow' species with the apex of the abdomen black. Male witli a dense 
comb of black bristles on the inner side of the anterior metatarsi. 

Drosophila melanogaster Mg. 

The species allied to I), rejileta Wollaston (1858 b) may be D. mullcrt 
Stiirtevant (1921), but the latter author does not describe the male 
secondary sexual (characters. One of us (0. W. R.) has examined the 
types and paratypes of I), repleta in the British Museum. The six 
specimens are all in rather bad condition, having b(»en gumm(‘d on 
cards, and the majority H})pear to be females. Two of them which may 
be males lack, as far as can be seen, any ornamentation of the fore tansi. 

D. immigrans Stiirtevant, is th(3 species referred to by Duda (1924 a) 
as /). tripunetatu Becker, nec Loew. Mr J. E. Collin, how-evt^r, has 
pointed out to us that the present identification is almost (‘(^rtain. 

Duda (1921) has revised the European species of Scapioynyza. He 
unites all the European species having four rows of acrostichal bristles 
under the name S. apicalis Hardy. There are two very distinct forms; 
one mainly yellow, w^hich he terms vnv,fava Fallen, and one grey with 
a yellow head, var. tetrasticha Beck. The structure of the female ovi¬ 
positor in these forms is so different that they must certainly be regarded 
as distinct species. The form we have captured is that figured by Duda 
(Fig. 7) as var. tetrasticha Becker. 


25—2 
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There has been much confusion over the name of D. mehnogaster Mg, 
Villencuve (1913) established the present identification on the basis of 
a Meigen specimen in the Paris Museum. Duda {1924 a) examined 
another Meigen specimen in the Vienna Museum and found that this 
one was identical with D.funebris F. For the present species, therefore, 
he reverted to the name D, ampelophila Lw., which had been in use 
before the publication of Villeneuve’s paper. In view of the large 
genctical literature which has grown up round the name D. rmlanogaster 
and because no one can say whether the Paris or the Vienna specimen 
is really the type, it appears best to follow Villencuve. 

PrOPHILIDAE. 

Piaphila mripes Mg. Adult found on warehouse window. Well known in England. 
Duda (1924 pp. 98 and 167) notes that though fond of animal substances, the 
species also occurs in woods, etc. and has been bred from dead leaves. Distribution: 
N. and Central Europe, England. 

MnjCHnDAB. 

Mexmmra obscureUa Fall. Adult found in Australian sultanas. Zac^her (1927 a, 
p. 198) records this species as once abundant in snuff. Distribution: Europe, Egypt. 

HEMIFl’ERA. 

Anthocotudae. 

PiezosfHhus flavipes Reut. Adult found in cacao (W. Africa, Grenada, Panama). 
Young stages sometimes inside cacao beans. Van Emden (1925) found it in roots 
of Iponuiea turpethum from Africa, and Butler (1907; 1923, p. 326) records it from a 
granary (Carmarthen) in wheat from Basra; macropterous forms rare. Distribution: 
France, Germany, N. Italy, England. 

L^ctocoris campestris F. Adult found on warehouse window. Butler (1923, p. 323) 
states that it is one of the commonest British bugs. Distribution: cosmopolitan. 

ORTHOPTERA. 

Blattidab. 

Blatta orientalia L. Adult found in wax (Jamaica). The common domestic cock¬ 
roach. Distribution: cosmopolitan. 

Periplaneta americana L. Adult found in nutmegs (Grenada); gum tragacanth 
(Bushire). Widespread in England under artificial conditions. See Lucas (1920, 
pp. 104-5). Distribution: cosmopolitan, 

Periplaneta auatralaaiae F. Adult found in ginger (Jamaica); gum tragacanth 
(Bushire); wax (Jamaica). Numerous records in Lucas (1920, pp, 109-11). Distri¬ 
bution; cosmopolitan. 

Leucophaea (Mhyparobia) maderae F. Adult found in ginger (Jamaica). Several 
records in Lucas (1920, p. 116). Distribution: cosmopolitan. 

Blabera Sp. Young. Adult found in ginger (Jamaica). Lucas (1920, p. 117) 
records two species from England. Distribution; S. and C. America and West Indies. 
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DERMAPTERA. 

Labudae. 

Labia arachidis Yers. Adult found in cocao (Grenada, Ceylon); nutmegs (Grenada); 
ginger (Jamaica). Recorded from various places in England, chiefly in bone-works. 
See Lucas (1920, pp. 37-8). Distribution: cosmopolitan. 

COPEOGNATHA. 

Troghdae. 

Lepinotus inquilinus Heyd. Adult found in figs (Smyrna); also fin floors of a driefl 
fruit warehouse. A domestic species. Distribution: Europe. 

Clothilla ptdsatoria L. Adult found in sultanas (Afghanistan). A domestic s{>ecies. 
Distribution: Europe. 

Lipoacdia virgulatus Pearman. Adult found in West African cacao. Distribution: 
? Wc^st Africa. 

Chaetopsocm rickatdai Pearman. Adult found in West African cacao. 

ARACHNIDA. 

Pholcidae. 

Pholcm phaUmgioides Fuessl. Adult found in a dried fruit warehouse. Distri¬ 
bution: cosmopolitan. 

Agelenidae. 

Tegenariaparieiina Fourcr. The common warehouse spider. Distribution: Europe. 

Theridiidae, 

Teutana grossa C.L.K, Adult found in a dried fruit warehouse. Distribution: 
cosmopolitan. 

SUM.MARY. 

1. The pests found in certain cacao, spice and dried fruit warehouses 
in Loudon have been enumerated. Reference has been made to some 
of the more important papers in which the food, habits or distribution 
of the species have been described. 

2. To make the identification of some of the pests more easy we 

have made new keys to the species met with in the following genera: 
Carpophihis, iMemophheus, Dennefites, and allies, Ephestia 

and Drosophila, 

3. The following insects appear to be recorded from Britain for the 
first time. Those marked with an asterisk have only been found dead. 
Coleoptera: Plockionus pallens F. (Carabidae), Carpophilus flavipcs Murr. 
(Nitidulidae), Tenebroides oblon^fus Shp.* (Trogositidae), Laemophlams 
janeti Grouv. (Cucujidae), Dernmtes cadavermns F. and Z). carnworus F. 
(Dermestidae), Cyclocephala tetrica* Voet., Diplogmtim silacea* Koel. 
and Phileurus didynus^ L. (Scarabaeidae), Corynetes amlis Kl. (Cleridae), 
Catorarna herbarium Gorh, (Anobidae), Monommu hrunneum* Thoms. 
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(Monommidae), Sitophagus hololeptoides Castcln. (Tenebrionidae), An- 
thiciis australis'^ Lea (Anthicidae), Caulophilus latinasus Say (Curcu- 
lionidae), Stephanoderes busckii^ Hopk. (Ipidae). Hymenoptera: Hole- 
pyris hawaiiensu Ashmd. and Cephalonomia carinata Kieff. (Bethylidae), 
Campoplex prytanes Cam. (Ichneiimonidae), Zeteticontus laeviscutum 
Thoms. (Encyrtidae). Diptera: Drosophila immigrans Sturt. (Droso- 
philidae). 
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EXPLANATION OF PLATES XXlll—XXXII 

PLATE XXIII. 

Pig. 1, CarpophUtts hemipierua L. 

Pig. 2. The thorax of Ca/rpophUus lignms Murray. 

Pig. .3, The right antenna of Carpophilua dimidiatua P. 

Pig. 4. The same of C. hemipterua L. 

Pig. 5. Posterior end of the larva of Carpophilua hemipterua, seen from above. 

Pig. 6. The same of C. dimidiatua P. 

Pig. 7. Tenebroidea mauretanicua L. 

Pig. 8, Left antenna of T. mauretanicua. 

Pig. 9. The same of T. oblongua Shp. 

PLATE XXIV. 

Pig, 10. Laemophloeua iurcicua Orouv. male. 

Pig, 11. Left antenna of L. iurcicua, male. 

Pig. 12. The same of L. minutus 01., male. 

Fig. 13. The same of L. Jerrugineua Steph., male. 

Fig. 14. The head of the male of L. ferrugineua Steph., seen from in front. 

Pig. 15* OryzaephUus aurinamenaia L., male. 

Pig. 16, The head of O. mprcator Fauv. 

Fig* 17. The head of 0. aurinamenaia L. 

PLATE XXV. 

Pig. 18. Crypiophagua scanicua L. 

Fig. 19, Dermeatea lardariua L. 

Fig. 20. The head of D. lardariua. 

Fig. 21. The head of D. cadaverinua P. 

Fig. 22. The right antenna of D. camivorna F. 

Fig. 23. The same of D. friachi Kng. 

Fig. 24. The posterior end of the larva of D. lardarkia, seen from the left. 

Fig. 25. The same of D. cadaverinua, seen from above. 

Fig. 26. The same of D. vnlpinua, seen from the left. 
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PLATE XXVI. 

27. Ptinue tecltui Boield. 

28. Ttibolmm cfMianeum Herbst. 

29. Head and thorax of Onaihocerus cornutua male. 

30. The same of O, maxtUoaua F., male. 

31. The same of O, cornutua, female. 

32. The same of <?. maaiUloaus F.» female. 

33. The head of Tribolium confuaum Duv. 

34. Araecerua faacictdai.ua Bo G. 

PLATE XXVII. 

35. Plodia interpunctclla Hb. 

PLATE XXVIII. 

30. Epkeatia dutcUa Hb. 

PLATE XXIX. 

37. Corcyra ccphadonica ^taint., male. 

PLATE XXX. 

38. Male genitalia of Epheaiia daklla Hb.» ventral vicw^ after removal of 

the oedeagus. 

39. The same of Ephcstia kUhniclfa Zell. 

40. The same of Epheatia cauteMa Wlk. 

41. The same of male Epkeatia from Cameroous cacao. 

42. The same of male Plodia interpunctella Hb. 

PLATE XXXI. 

43 (a) Ventral view of the female genitalia of Epkeatia kuhnidla Zell, 
(ft) The bursa copulatrix of E. kUknidla, female. 

44 (a) Ventral view of the female genitalia of Epkeatia dutcUa Hb. 

(ft) The bursa copulatrix of E. dutdla, female. 

45 (a) Ventral view of the female genitalia of Epkeatia cautdla Wlk. 

(ft) The bursa copulatrix of E, c-auleUa, female. 

46 (a) Ventral view of female genitalia of Plodia interpunctella Hb. 

(ft) The bursa copulatrix P, interpunctdla, female. 

PLATE XXXn. 

47. Hedepyria hawaiimaia Ashm., female. 

48. Microbracon hebetor Say, female. 


{Received July 2nd, 1929.) 
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REVIEWS 

The Plant Rttsts {Uredinales). By Joseph C. Arthub. Pp. iv f 44C, 
with 186 figures. London: Chapman and Hall, Ltd. 1929, 

During the first thirteen years of the century a number of workers published 
books on the rust fungi: Fischer in SwitZiOrland, Klebahn in Germany, Hariot in 
France, McAlpinc in Australia and Grove in England. Since then no volume has 
appeared on this group although a great amount of research has been carried out. 
One of the most prolific centres of rust research has been the laboratory of Prof. 
J. C. Arthur of the Agricultural Experiment Station in Indiana, and he and a group 
of his old students and colleagues (Kem, Orton, Fromme, Jackson, Mains and Bisby) 
have now brought together much of their work in this timely volume. A great part 
of this research has been taxonomic and the results have appeared in Volume vii 
of the great North American Flora. The more general and biological aspects of these 
studies have been presented from time to time, in a fragmentary way in sporadic 
papers, but the need for their more adequate expi’ossion was evident. This need is 
met by the present volume which is a mine of information. 

Each author’s contribution has apparently had to pass the criticism of a majority 
of the symposiasts but there is no individual responsibility, the contributions having 
been dovetailed together by Prof. Arthur. Such a method has produced a “safe” 
re/odable book, but one cannot help feeling that it has also pruned out a good deal of 
originality and spontaneity. In spite of this the bof»k is a fine piece of work redound¬ 
ing to the credit of the authors and their leader. 

The first two chapters are introductory. Chapter I deals with the general natures 
of the rust fungi; their reproductive structures and developmental cycles. On the 
second page there is the basis of a pretty controversy in the adoption by the authors 
of the concepts and terms gametophyte and sporophyte. Chapter II is a historical 
survey of the rust fungi, beginning with Old Testament ret^ords, which one is glad to 
see treated with commendable scepticism, and ckTsing with a discussion of modern 
trends of research. 

Chapter III, which begins the more detailed treatment, is devoted to a ctm- 
sideration of the ontogeny and phylogeny of the rusts and the bases of their classifi¬ 
cation. The contents are a fair and balanced treatment of a number of controversial 
questions. So much of the attention of mycologists has been focussed on the rela¬ 
tively easy and obvious problems of reproduction and spore forms, that one is glad 
to see the authors taking the point of view that “ the rusts have a vegetative Inxly 
that holds such a prominent place in their development that it requires serious con¬ 
sideration.” This is true of most fungi and, when this more obscure avenue is 
explored, our understanding of the fungi will make considerable advance: it really 
is astonishing how little we know about fungus mycelium in its actively functioning 
vegetative condition. Speaking of heterothaTlisra, the authors remark: “The subject 
suggests vistas of valuable information.” This is mild appreciation: heterothallism, 
with all its implications, is one of the most important and far-reaching avenues of 
study open to mycologists to-day. The chapter contains a fair summary of current 
views on rust phylogeny including Mez and Ziegenspeck’s serodiagnostic studies but, 
frankly, after reading these p^es one is left wondering whether any of these specula¬ 
tions have the slightest validity; in fact, whether speculation of this kind is, in any 
way, worth while at present. 

Chapter IV is the more usual type of approach to the study of the fungi; dealing 
with morphology and cytology, but still being a useful account which incorporates 
much redent work. Chapter V contains an interesting and suggestive account of the 
dissemination and geographic distribution of the rust fungi. Both of these are aspects 
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of study wMoh have in the i»st been curiously neglected, and in many considerations 
of the fungi have been entirely omitted. It is a little difficult to understand why 
this should be so, for both aspects are obviously not only economically important 
but scientifically profitable lincjs of research. 

Chapter VI is again a more usual method of approach to fungus study, and 
contains a brief but adequate general account of our knowledge of the physiology of 
the rusts, attention being paid both to physico-chemical and biological relationships. 
One is glad to see attention drawn to a point of view for which mycologists in general 
seem to have a remarkably blind spot, viz. that the development of a parasite need 
not be and, in the rust fungi, usually is not in inverse ratio to the vigour of the host. 
The idea of the inverse ratio of host and partite with a see-saw balance is a direct 
anthropomorphic projection and is a generalisation which, in plant disease, entirely 
lacks validity. 

Chapter VII, on specialisation, deals with one of the most interesting fields of rust 
research, of fundamental importance both economically and scientifically, and an 
aspect of rust study on which an enormous amount of literature has accumulated. 
Curiously enough, this chapter is one of the shortest in the book, which is a pity, for 
it might with great advantage have been made much fuller and written in a less 
condensed and more readable style. As it stands, however, it is one of the most 
important chapters in the book, especially in view of the resuscitation in Europe— 
where indecsd it had never been abandoned-^! the bridging host theory. The end 
portion of this chapter dealing with stability of reaction is, in view of its primary 
importance, so brief as to be almost exasperating; a fuller consideration would not 
have upset the balance of treatment in the book. 

Chapter VIII deals with abnormalities and diseases firstly, of the fungi them¬ 
selves and, secondly, of the host plants. Fungus teratology is an intc^resting field of 
which little is known but which obviously presents a fine avenue for genetic explora¬ 
tion and for the experimental study of morphology. The consideration of abnor¬ 
malities pnxiuced in hosts by rust attack is brief but adequate. There are few fields 
of plant pathology presenting more interesting problems in morbid anatomy than 
the host reaction in rust diwasea, and it is to be hoped that this suggestive discussion 
will draw attention to these problems which have been much neglected outside of 
Germany. 

Cliapter IX is a brief survey of the more general aspects of the rust diseases of 
the several types of crops. It, wisely, does not attempt to compete with an ordinary 
text-book of plant pathology, but is rather of the nature of a running commentary 
to such a text-book. 

The last chapter is a useful account of methods of investigation. It does not seem 
to be written for quib^ the same class of reader as the rest of the volume and, here 
and there, is distinctly naive—“some knowledge of hosts is required of one who 
w^ould be a really successful collector of rusts.” The treatment of spore measurement 
is brief and inadequate; surely it is now sufficiently recognised that range of spore 
size is uncertain and may be misleading, whilst 10 to 12 individual spore measure¬ 
ments are insufficient as any critical basis. 

The book closes w'ith a useful bibliography which is recognised to be far from 
complete, and a good index. Additimial fungus and host indices would greatly have 
facihtated the use of the volume. A notable feature are the illustrations, many of 
which are unusually w^ell reproduced, although Figs. 106, 174 and 182 might have 
been omitted without any loss. 

The book is essentially not a monograph but is a wide and knowledgeable survey 
of the general biology of the rust fungi. The absence of a more detailed consideration 
of particular problems is at tunes almost exasperating, and every reader will have 
views about sins of oommission and omission and the relative space allotted to the 
several topics. One has to recognise, however, that the volume, as it staiidp, is a 
brilliant and well-balanced production. There is no question of the importance of the 
book and it is quite indispensable to all botanical and pathological laboratories. In 
the tomer it should have a most valuable influence in extending interest in the rust 
fungi among students, and in giving a wider and more biological fouivdation to the 
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teaching. It is to be hoped that workeiu on other fungi will come together as these 
authors have done and produce parallel volumes—a companion volume on the smut 
fungi is obviously indicated. 

WILLIAM B. BRIERI4EY. 

PhiRi Ecology. By John E. Weaver and Frederick E. Clements. 
8vo. Pp. XX h 520. Figs. 262; coloured map. Now York: McGraw. 
Hill Book Go. 1929. 25s. net. 

The science of Ecology is rapidly growing out of its youthful stages and is showing 
many signs of maturity. It has had a prolonged adolescent and youthful period, 
during which it has energised in all directions, accumulating data, crystallising out 
its concepts, formulating principles and trying to coin and apply a satisfactory 
terminology. Neither principles nor terminology have as yet met with complete 
acceptance, but during the last few years there has been a notable trend in this 
direction. Ecology, rather more than otlier aspects of botany, has developed distinct 
schools and one of the most active of these is associated with the name of Clements. 
The dynamics of vegetation as expressed in plant succeijsion has been the main theme 
of this school, and during nearly 30 years’ volumes, which are landmarks in the 
massing of ecological data and the formulation of e(H)logical theory, have issued in 
a kind of magistral procession. The present volume, some 5(K) pages, deriving from 
Clements and one of his old students. Weaver, crystallises out in text-book form these 
three decades of work. The collaboration is j)ecuharly happy for, speaking very 
brojully, Clements has been a sht^ot investigator and Weaver a student of r(X)t8. 

The authors state that: “'i’hc volume is designed to meet the need for a com¬ 
prehensive text-book of plant ecology and to furnish a guide to workers in relate^d 
fields. It is written from the standpoint of development, instrumentation, and ex¬ 
periment. The student of plant production, whether in botany, agriculture, grazing, 
forestry, i)lant pathology, or other fields, is beginning to study more thoroughly the 
intimate relations between plants or groups of plants and their environment. In fact, 
many of his most important problems deal with the relations of plant to habitat, 
whether the latter be natural or modified by cultivation, and these cannot be satis¬ 
factorily solved until these relationships are well understood. In addition, the field 
of ecology is unique in its fundamental contributions to a general understanding of 
the plant world upon which man and animals are dependent. This book has been 
planned to meet/ these several needs.” The book is a great advjince on previous works 
in condensation and comprehensiveness and gives one a feeling, that is often absent 
when rc/oding ecological works, of solidity and scientific accuracy. It contains a wealth 
of information which, in less skilled bands, would have remained an incoherent and 
indigestible mass but which, here, is marshalled in logical order and discussed in a 
broad and convincing manner. 

The chapter contents, which are as follows, show tile wide scope of the volume: 
(I) Vegetation; its origin, development and structure; (II) Methods of studying 
vegetation; (III) The units of vegetation; (IV) Plant succession; (V) Initial causes of 
succession; (VI) Aggregation, migration and ecesis; (VII) Competition and invasion; 
(VIII) Reaction and stabilisation; (IX) Factors of the habitat; (X) Relation of 
underground plant parte to environment; (XI) Humidity, wind and evaporation; 
(XII) Temperature; (XTII) Light; (XIV) Plant response as a measure of environ¬ 
ment; (XV) Adaptation to w^ater; (XVI) Rt^Iations between plants and animals; 
(XVII) Plante and plant communities as indicators; (XVIII) Climax formations of 
North America. 

The chapters are distinctly unequal, although probably each reader will have his 
own views as to their relative value. To this reader it would seem that Chapters 
III, IX and XVI are below the standard set, and XVI particularly might well be 
re-written in the next edition of the book. Parte of Chapter XV already need con¬ 
siderable modification in view of Maximov’s work. On the other hand, (jhapters TV, 
VII and X are splendid expositions of these problems. 
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Prof. Clements is known to hold views re^^arding t<^rminology and to be unusually 
prolific in the coining of new terms. One opened the volume, therefore, with appre- 
nonsion as to its qualities of readableness and clarity. Very wisely, the authors have 
restrained their pens except perhaps, as was almost inevitable, when dealing with 
units of vegetation, but against this it may be said that most of those terms have 
proved their value and are now established. Here and there throughout the book 
one meets unexpected words such as ‘‘photosynthate,*’ “forb,” etc., but these are 
few in number and always explained. Occasionally the technical terras tend to make 
sentences rather ugly, e.g. “Most of the migrulos are carried to areas already so popu¬ 
lated that the newcomer can not ecizo.’’ Americanisms are not infrequent, e,g. 

“ The lichens help corrode and decomjjose the rock,” or “ By fall, 25 per cent, of the 
grass had died,” but as the authors are American one cannot grumble at this, and one 
must be glad that, on the whole, the book is written in such very clear and simple 
English. 

An unsatisfactory aspect of the book is the absence of uniformity in dealing with 
measurements. The authors play rather fast and loose with English and metric 
systems, and temperatures are given indiscriminately as Fahrenheit or (Centigrade; 
occasionally one must guess from the context which scale is meant. Frequently 
metric and English raeasuros or Fahrenheit and O.ntigradc scales arc both used in 
the one paragraph or tabulation and occasionally even in the one sentence. This 
attitude shows an o|>en mind but is irritating for the reader. 

Interspersed through the text are small type directions for practical study. Of 
these the (‘xperiments and exercises for greenhouse and laboratory work are outlined 
in detail, while suggestions for field work are only giv^en in brcjad outfino. These 
directions together with a special note at the beginning of the volume will prove of 
value in guiding the teacher. There arc also some 262 well-chosen line and photo¬ 
graphic illustrations. 

Terminating the volume is a good index and a bibliography. The latt>er illustrates 
an unsatisfactory feature of the book—it is too American. In spite of the authors’ 
statement that the “ volume is designed t-o meet the need for a comprehensive text¬ 
book of Ecolc^gy,” the work is frankly an American text-book designed for American 
students. As a matter (»f fact, the discussions all lead up to the final chapter on 
(Climax Formations which is really the crown of the work--~and which deals solely 
with American forraations. Even so, in a volume of this size and quality,one would 
have expected to find some reference to the work of Braun-Blanquet, Brockmann, 
Diels, Domin, Erdtman, Keller, Lindquist, Lundegardh, Markgraf, Oliver, Pavillard, 
von Post, Rietz, Rudolf, 8kottsborg, Stoyanoff, Szafer, Uehlinger, Wulfi and numerous 
other well-known European students. Of the 606 references in the bibliography only 
about 120 derive from outside the United States; which is really too small a pro¬ 
portion. 

These criticisms deal with matters which, although of subsidiary importance, tend 
to mar what is the most serious contribution of its kind since Warming’s Oecology 
of Pla,rUs^ and a work which is bound to have an immense influence on the teaching 
and development of the subject. 

An outstanding and most welcome feature of the volume is the culling of data 
from agriculture and forestry as well as the untutored vegetation of the globe, and 
the application of ecological principles to farm and forest crops. The recent Scandi¬ 
navian and Russian developments have demonstrated how intimate is this relation 
of Ecology to agriculture, and our own Empire studies show the same for forestr3\ 
The relation cannot be over appreciated, for agriculture and forestry are two of the 
great source bwks of ecological research and much of their practice is simply applied 
ecology. This is more clearly recognised in agricultural America than in industrial 
Europe and its clear exposition in the present volume is noteworthy. 

Botanists of all kinds will find this volume interesting and useful and will accord 
very grateful thanks to Prof. Weaver and Prof. Clements for the fine work they have 
produced. 

WILLIAM B. BRIEKLEY. 
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PROCEEDINGS OF THE ASSOCIATION OF 
ECONOMIC BIOLOGISTS. I 

Ordinary Meetinc^ held at 2.30 p.m on Friday, November 22iid, 1929, 
in the Botanical Lecture Theatre of the Imperial College of Riaence and 
Technology, London. The Chair was taken by Dr J. Waterston, Vici^- 

President. 

RESEARCH ON INFESTATION OF STORED PRODUCTS. 

1. Entomological Aspects: 

(а) Survey and Inspection Work. By W. S. Thomson. 

(б) Biological Work. By G. V. B. Herford. 

11. Mycological Aspects. By R. H. Bunting. 

I (a). ENTOMOLOGICAL ASPECTS-^UKVEY AND INSPECTION WORK. 

By W. S. Thomson. 

The problem of insect infestation has three main asi^icts: infestation in the oxiM)rting 
country; in the wharves and warehouses in the imjwrting country; infestation in 
the cocoa and chocolate factorie.s. 

During the last two years, survey work has been concerned principally wutli the 
second of these aspects, and has been designed to reveal if j) 088 ible which insecjts tiro 
chiefly responsible for infestation of cacao; the extent to which infestation takes 
place at different seasons and in cacao from different countries; to define the extent 
to which re-infestation occurs in the warehouses in this country, and to tiscertain the 
extent to which infestation is preventable. 

From the mass of data collected during this time the following points of interest 
and importance have emerged. 

While about thirty species of insw^cts have been found associated with cac.*ao, 
only four are of economic importance; these are the Phycitid moths, Ephesiia eluteUa 
Hb. and E. cauteUa Walk., the Galleriid moth, Corcyra cephaUmica St., and the 
Anthribid beetle, Araecerus fasciculatus De G, Taking cacao as a whole, the two 
Ephestias are the most imjiortant of these. 

There is considerable infestation by insects of cacao on arrival in this country. 
No cacao is immune, but that from some countries seems less liable to severe infes¬ 
tation than that from others. Infested cacao arrived during each month of the 
survey, both summer and winter, but there was a period of maximum infestation 
which extended from July to October. 

Araecerus fasciculutuSf while frequently found in West African cacao, is absent 
from most other cacaos. It occurs abundantly in Grenada nutmegs, but although 
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these are frequently shippiKi home with Oranada cacao, the cacao seems almost free 
from its attacks. 

The Braconid, Microbracon hebetor Say, parasitises the larvae of Ephestia^ often 
very heavily—especially in September and October, but is probably of little use for 
purposes of biological control. 

It is almost impossible at this stage to assc^ss the loss caused by insect infestation 
of cacao. Losses are due to destruction of cacao itself by insects, to fouling of other 
products, e.g, arrowroot, by larvae of Ephestia crawling over it from cacao and 
leaving tht'ir web behind them, and to loss of prestige of manufacturers by infestation 
of the finished product. 

Remedial and control measures to be effective must begin in the exporting country. 
In this country only palliative measures can be adopted at present. 

In most of the warehouses under survey other products are stored adjacent to 
cacao, i.e, spices and coffee. The fauna of a cacao and spice warehouse can be divided 
broadly into five classes: jirimar^' pcjsts; secondary pests; predators, general scavengers 
and mould feeders; species accidentally introduced and not having any real con¬ 
nection with stored products; and parasites. 


I (6). ENTOMOLOGK^AL ASPECTS—BIOLOGICAL WORK. 

By G. V. B. Herford. 

The biologicjal work in (!onnection with the rasearch into insect j>osts of stored 
products has not been in progress so long as the survey has, the main problems had to 
be discovertd by the latter branch Indore any laboratory work could be attempted. 

There are twc'j main lines of approach in this work, and they both have a common 
goal, the final control of the insect pests concerned. 

One necessitates the use of fumigants and other means of chemical and physical 
^sicontrol, such as heat or t'old. In certain cases it may be necessarj'^ to employ these 
methods, but it is felt that they should be considered as palliative rather than final, 
as a cim* as opposed to a prevention. 

At the laboratory at Slough a fumigation plant and a refrigerating plant are 
being installed, and this side of the work will receive full attention. 

Turning to the more pur(‘Iy biological aspect, attention is being directed upon a 
close study of tlio ecology of certain insects, notably EpJipMia eluteUa Hb., the Cacao 
moth, and Plodio inierpunckUa Hb., the Indian meal moth, the most important pest 
of dried fruit. It is hoped that by 8 tud 3 dng the effect of different degrees of humidity 
and temperature upon the life history of the insoc^ts concerned, a means of control 
may be discovered, at once effective, simple and final. 

Those long range experiments are of necessity of long duration, and this fact 
makes clear the need for work upon the palliative measures mentioned above. 

For all these experiments, and particularly those of fumigation or freezing, very 
large stocks of insects have to be reared. As an instance of this it may be mentioned 
that in one of a series of freezing experiments that were being undertaken in co-opera¬ 
tion with a large firm of caterers between 2000 and 3000 eggs of Plodia vrere used. 
To bo able to obtain this number of eggs at any given time it is necessary to have a 
very large stock, and the successful rearing of such stocks has been and will be for 
some time to come one of the most difficult parts of the work. 
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Many types of breeding cages have been tried with varjdng success, ranging in 
size from special boxes under a foot long for small stock, to dustbins, which were 
used in an endeavour to breed Plodia on a very large scale. The cages in use at present 
have been designed for their especial purpose, and appear to be giving satisfaction. 

Two large inseotaries are being built, in which warehouse conditions are to be 
imitated as far as seems desirable, and in these suit-able pests and their foods will be 
placed, in the hope of obtaining a really bad infestation. Besides being a means of 
raising large stocks this may jwovide valuable evidence of the causes of infestation 
as occurring in the docks. 

There are many factors to be contended with in this building up of large stocks 
of insects. Temperature and humidity play a most important part in their effect on 
the insects themselves and also upon the foodstuffs. Moulds, favoured by excessive 
humidity, will soon destroy a flourishing (ailture, while hymenopterous parfisites, 
mites and bacteria, which are not usually effective as a control in the warehouses, 
are a most potent source of destruction in the crowded conditions of a brewing (‘age 
or insectary. For their eliminatiim a stringent quarantine service has to operate uj)on 
all insects brought to the laboratory from the docks before they can be added to 
healthy cultures. 

For experimental work upon life histories under varying conditions a constant 
temperature and humidity room is being fitted up in the laboratory. As it is not ycd 
completed, it is impossible to give any figures for the aciouracy of control which will 
be finally attained, but the results so far are quite promising. 

It must be borne in mind that this work is still in its infancy, and consequently 
this paper is an acc'.ount not so much of work accomplished as rather an indication 
of the main lines to be followc/d. Already very many side problems have arisen, and 
will appear more and more as the work progresses. In connection with fumigation 
there arises the whole problem of the respiration of insects, about which all too littk' 
is known, while a physiologist and chemist could find almost unlimited 8oo]»c for ,, 
research in the relations botw^een the insect and its foods. 


II. MYCOLOGICAL ASPECTS. 

By R. H. Buntino. 

The mycological work of the Stored Products Rosoarc‘h Station has iij) to the pre^sent 
been centred on problems connexjted with the deterioration of cocoa beans by mould 
infection. Since this work forms a natural corollary to work done, and in progress, 
in the Gold Coast Colony, it may be well briefly to review investigations made in 
that country. 

"Phe Gold Coast furnishes by native production nearly half the world’s demand 
for raw cacao. This produce, because it is obtained from an inferior variety of Theo- 
broma camo^ and because the standard of its preparation is not always high or uniform, 
does not realise so good a price as does cocoa from other i»arts of the globe. It is 
consequently used, and has become indispensable os a foundation to which better 
beans are added for the sake of quality in the manufacture of chocolate and cocoa 
powder. There is always a big demand for this cheaper grade of beans, and con¬ 
siderable competition is displayed by buyers in immediate contact with the native 
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producer in the indiscriminate purchase of beans whi(ih may or may not be suffi¬ 
ciently dried or well prepared. Cocoa farmers, though frequently illiterate, are by 
no means unintelligent, and if they can sell water at the local price of cocoa, they 
do not take unnecessary trouble t(4 dry their produce thoroughly—an operation 
sometimes difficult because of climatic conditions. It may, therefore, be well under¬ 
stood that far too high a percentage of beans preparwl and sold in the humid con¬ 
ditions of the Gold C(^nst rain-forest, become internally mouldy before the European 
merchant receives thfjm at the larger buying centres for exjijort. He doas what he 
can to prevent further deterioration by expfwing the produce to sun-heat, but the 
fact remains that mouldy beans df) retich the European and American markets. 

Manufacturers of (‘ocoa and chocolate dislike beans affectt^l by internal moulds 
because of the objectionable flavour they impart to their products, the increased 
acitlity of the CMWoa butter, and a disintegration of the ootyledons caused by moulds. 
Wluthor there is any justification for refusing acjceptanco of mouldy beans on account 
of the pathogenicity of the organisms concerned is not known, but the pure food 
legislation of the United States of America refuses entry to consignments containing 
more than a small proportion of moulds, and mouldy cocoa is frequently the cause 
of arbitration and finaiuiial loss in other importing markets. 

No distincti(jn is made in the cocoa trade between the species of fungi found in 
the produce—all are ‘"moulcis”—a term which has been known to include chemical 
iri(T\istutiona caused by contact with concrete. But in our work on the Gold Coast 
it became apparent at the start that it would bo necessary to differentiate the 8|>ecies 
involved as accMiratcly as local facilities permitted, because of the different conditions 
under which they occurred. It was found convenient to divide the moulds into three 
e<?ological groups: Thcrmoidiiles, which occurred with some frequency in fermenting 
masses of heaiis; Hygrophiles, found in beans with an excessive moisture content, 
and those forms which occur in beans consklered to be eommcrcially dry. 

As iin example of tin* complexity of problems relating to the moulding of cocoa 
beans, it may be mentioned that in several instances where indeterminate mycelia 
were found infecting embryos, one-half of a bean incubated, under iiseptic (ionditions, 
at 4<)’ C. resulUxl in one or other of the thermophilic moulds, whereas the comple¬ 
mentary portion of the bean grown at laboratory temperature developed one or 
more c»f the oth(T moulds. The commoner of the moulds were confined to the orders 
Mueoraceae and Aspergilloa(\ Other fungi were occasionally found, such as Boiryedi- 
plodut the()broma.e in beans inadequately prepared from diseased pods, CUidosporium sp. 
on beans stoned for a long time, MmiUia sitophila was of still more rare occurrence, 
whilst many searches for Actinomyces, with one possible exception, gave negative 
results. 

The genus Aspergillus provides the chief offenders in Gold Coast cocoa beans, its 
species including about ten members of the following groups and sp^AAe^—A.fumigatus, 
A. flams, A. glaums. A, ochraceus. A, taimri. A, niger and probably A, sydowL 
Of the Mueoraceae, a new thermophilic siieeies of Mupor, Ahsidia capiUata and 
A, regmri and Oircinella spinosa have fairly commonly been found. 

Having obtained some information regarding the forms occurring in cocoa beans 
and the conditions under which they occurred, it was obviously desirable to ascertain 
their method of entry, since it is their presence on the embryo of the seed that is 
objectionable to manufacturers. A very largo proj)ortion of the many thousands of 
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mouldy beans examined gave distinct evidence of entry having been made at the 
micropylar end of the beans, and Dade confirmed the evidence by microtome sections 
which demonstrated hyphae penetrating the Uisfca at that point. The point of pene¬ 
tration is interesting. The radi(;le of a germinating cocoa seed does not cause an 
irregular rupture of the testa, but its emergence is provided for by the removal of 
a disc of the tissue which leaves a characteristic, clean cut, circular hole. Microscopic 
examination of the tissue of this region shows no apparent structural differences, and 
probably the removal of the plug is duo t.o enzymatic action. The early stages of the 
fermentation procasses provide (jonditions which encourage germination, so that it 
appears probable tliat the entrance of the fungal organism at the micropylar end of 
the testa is assisted by an incipient germination set up during the early stages of 
fermentation. This view is confirmed by the long noted fact that fermented beans 
are much more frequently affected by internal moulds than are unfermented beans. 
Dade showed that Atipergillm fumigahw, the member of the glamua group, which we 
consider to be A, chevalieri, and possibly the thermoj)hilic Mucor, are capable of 
penetrating the testa of fermented beans at the micropylar region. 

In the Gold Coast these three s|x^cies may be considered as the most economically 
important f)f the moulds affecting cocoa beans, with possibly the addition of A, sydowi. 
A . fwmigatm and the Mneor occur in fermenting heaps and though they are appa¬ 
rently slower to develop within commercial cocoa beans than other species, their 
entrance permits that of the latter. A, fumigatus moreover belongs to a specific 
group, members of which arc known to be human pathogens. 

The species, chevalieri and possibly sydowi, are of considerable—possibly greater 
—^importance since their low moisture requirements permit coramorcial transactions 
in beans not obviously subject to deterioration by too high a moisture content. 

By a scries of careful experiments to determine the degree of dryness neceasary 
to prevent moulding, the percentege of water content which permitted th(3 develop¬ 
ment of A, chevalieri was found to lie between 8 and 9-5. As the other moulds wxrc 
shown to recjuire a higher w^ator content, these figures were considered to be critical, 
and a practical method for testing whether samples contained more or less than 
7*8 |>er cent, of moisture w^as evolved for the use of cocoa triulers. 

During the course of this work it had l>een found that internal infection might 
take place during the prcK’Css of fermentation in a large proportion of the mass imder 
native treatment. It was also evident that the common practice of drying the fer¬ 
mented beans on trays in the open air continued the exj^osure to infection. Un¬ 
washed beans, covered and saturated with the remains of the mucilaginous contemts 
of the pod, provide an excellent medium for the growth of moulds. So that the con¬ 
clusions we arrived at, that any beans which remained, or l)ecame sufficiently damp 
might be expected to become mouldy, and that all Injans prepared by native methods 
w^ere potentially mouldy, seemed justified. It was desirable, therefore, to ascertain 
the reaction of prepared beans to climatic conditions. Without going into the details 
of a number of experiments designed for this purpose, it will be sufficient to state 
that by laboratory methods it was found that cocoa beans are extremely hygroscopic, 
and that in four days they come to within 1 per cent, of equilibrium with a stable 
atmosphere, either by absorption or dehydration, the critical water contents 8 and 
9*5 per cent, being at equilibrium with atmospheres of 82 and 87 R.H. respectively. 
Climatic conditions are, however, never stable in the Gold Coast, and cocoa beans 
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are very sensitive to daily fluctuations in B.H., the high humidity of the night hours 
increasing the moisture content of the beans, and the drier atmosphere of daytime 
decreasing it with rapid reaction. Whilst these daily fluctuations prevented the 
establishment of a perfect equilibrium between moisture content and atmospheric 
moisture, it was found that the average of readings taken at 4-hourly intervals gave 
a guide to the moisture content which was sufficiently accurate to be useful for 
practical purposes. In practice this information indicated that in certain places 
cocoa could not be stored without risk of mould, unless some protection against 
atmospheric moisture were provided. And it made apparent the fact that good 
storage conditions were just as important a factor in the prevention of moulding as 
was proper drying. Incidentally, the blame for decreasing the value of the produce 
l)y permitting moulding can thus bo distributed lietwcon merchant and producer to 
the possible reli(?f of the latter. 

In the work related above, cocoa beans had been dealt with as hygroscopic entities, 
but it was known that a gre^t difference existed between the hygroscopic properties 
of testa and <^mbryo. A number of somewhat difficult tests showed that the seed 
e.oat was far more active in its reaction to external moisture conditions than was the 
embryo. So that beans having the same total moisture content might show con¬ 
siderable differences between the water in their testae, with i^roportionate differences 
in their embryos, until the testa came into equilibrium with the embryo and with 
the atin<wj>here. This fact is of some practical importance from the view-point of 
infection, since internal infection, depending as it does upon preliminary external 
infi'ct ion, re<iuire8 a sufficient amount of water in the testa for the initial development 
of the fungus, and beans during the drying process whi(?h succeeds fermentation, 
i.e. whilst rapidly losing moisture from the testa—are much less liable t<o infection 
than are equally moist beans which are absorbing moisture. Slow and protracted 
drying als<3 permits internal rnfeetioii owing to the fact that the testa doe^? not 
])aas into th(‘ atmospluTc moisture absorbtxi from the erabrj^o at a sufficiently 
rapid rat^*. 

There n'mains much to bo done on the (iold (k)ast on questions relating to 
moisture and moulds in cocoa begins, ami the work alrefidy accomplished is intended 
to form the basis for investigations of a wider and more commercially useful nature. 
In Hucli investigations the staff of the Stored Products Research Station hopes to 
assist. It is obvious that the first nece^ssity in such co-operation is to determine the 
identity of the organisms causing deterioration of cocoa beans when landc^d in this 
country, in order to compare them with those found in the country of origin. And 
since the condition of the prcxlucc is of more importance to the manufacturer than 
to others, it will be necessary to examine coc*oa beans after varying iiericxis of storage, 
fdentifii^ation of cocoa moulds is not so simple a matter as one could desire when 
insfxicting material in quantity, but the degree of accuracy in delimiting the strains 
and mutations of a species need not be particularly high for other than a few of the 
more important moulds selected for critical study. What these species are likely to 
be dopemds u}>on the incidence of their occurrence, and the conditions under which 
they are found, but it is probable that Aspergillus chevalieri and sydawi are worthy 
of detailed study. A large number of references can b<' found in niycol<'>gical literature 
to work done on members of specific groups of such genera as AspergiUus, ctcj., but 
sufficjient information is rarely given to satisfy one that it relates to any particular 
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strain. It is therefore possible that a good deal of time may be occupied on work 
which may later prove to have been done before. 

The Slough vStation is fortunate in having obtained a promise of co-operation in 
the analysis of flavour effects produced by cocoa moulds, from Mr Macara of the 
British Research Association of the Cocoa, Chocolate and Allied Trades. Such assistance 
will provide more time being spent on what is likely to become the routine work of 
examining matc^rial received from the docks, and will permit grt^ater attention being 
paid to systematic and observational work of fundamental impoiiiance. 

By the courtesy of a number of importing firms, faciUties have been granted us 
for the examinati<^n of consignments of cocoa coming into London and Liverp<K)l. 
Samples of these consignments will be taken in air-tight tins, their raoLsture-content 
ascertained and their fungus flora analysed. By this means it is hoj)ed to gain some 
idea of the comparative dek^rioration by moulds in (;ocoa from all parts of the world, 
and an indication of the moisture requirements of these m(»ulds. Special advantage 
•will obviously be derivexl from any (jonsignment which has be£*n examined by produce 
inspectors before transport by sea. 

This more or less tuisual collection of material, depending as it dot^s upon the 
gocxiwill of certain importing firms, is not oxpeckxi to provide more than an incom¬ 
plete story of the produce entering this country. It may not permit the examination 
of the lowest grade of beans whi(;h no one is proud to own, and which might be 
expeckni to yield interesting economic and possibly mycological data. 

With regard to this class of cocoa beans, one ought to have made previous mention 
of the fact that in addition to insufficiently dried beans and those which have absorbed 
atmospheric moisture afk^r having been dried, another cause of iuksmal moulding is 
direct contact with either fresh or rain-water. Such cocoa is recognised by insurance 
agents as “rain- or sea-damaged,*' and does not require investigation, the cause being 
obvious, and the solid mass of mycelial growth which masks the original conkmts 
of the bag yielding but little intelligible information. 

For detailed observations on beans of known moisture content and fungoid in¬ 
fection, arrangements have been made for consignments to be sent und(*r ordinary 
transport conditions from the Gold Coast. A series of such trial consignments, dupli¬ 
cated in moisture-proof containers as controls, may reveal the effects of storage in a 
steamer's hold sufficiently well t<j indicate the desirability of more accurate, and 
extended, observations being made on the various climatic conditions which obtain 
in different parts of a cargo of bagged cocoa. It is conceivable that, during transport 
by sea, the draught of a ventilating shaft may actually lowc^r the number of com¬ 
mercially mouldy beans in bags stowed in its path, and that beans in the proximity 
of a bulkhead on which moisture is condensing, or of wet bags, may become com¬ 
mercially moulded. 

It is intended to utilise the bags of cocoa derivcKi from the Gold Coast for periodic 
observations under normal storage conditions in rivfirside wandiouses, and at the 
same time to record the climatic conditions which obtain in those stores. By com- 
})arison of the humidity and temperature of the centre of a stack of bagged cocoa, 
with those of the general atmosphere of the store, it is hoped to obtain data which 
may be useful to cocoa merchants. The conditions controlling mouldiness within the 
protective walls of a cocoa sack are being investigated in the more humid environ¬ 
ment of the Gold Coast. 
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Before leaving that Colony*, work was started on the moulds affecting copra there, 
and they were found to be apparently the same organisms as those infecting cocoa 
beans. Since it is probable that copra moulds are much the same whatever the 
country of origin, it has been decided to run copra mould investigations at Slough 
concurrently with cocoa moulds. The problems are, however, not very similar. In 
cocoa it is, broadly speaking, the presence rather than the action of the fungus which 
is objectionable; in copra the presence of some moulds is thought t(j be an advantage 
by certain manufacturers, because of their beneficial action in destroying cellulose, 
or of protecting the surffice of the copra from other moulds, whilst the action of 
many moulds is more or less disastrous on this produce. 

It is probable that the questions connecited with copra moulds in this country 
may necessitate a greater amount of fundamental work than do those questions 
which relate to cocoa moulds, and as a start Mr Eyre is studying the enzymatic action 
of Aspergillus chemlieri on copra. Very little literature is available which deals with 
the nmetion of copra to atmospheric moisture, and with the effects of preparation 
on moulding, but the recent appointment of a specialist officer to the Malayan Depart¬ 
ment of Agricultui'e for the purpose of elucidating such problems is decidedly hopeful. 
Needless to say, the Stored Products Research Station has o^)ened up lines of com¬ 
munication with him. 

In coru’lusion, may one add that the staff at Slough desires to render any myco- 
logical {issistancc within its power to those interested in the deterioration of stored 
pnalutits by moulds? 
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PROCEEDINGS OF THE ASSOCIATION OF 
ECONOMIC BIOLOGISTS. II 

Ordinary Meeting held at 2.e30 p.m. on Friday, Deeerabor 13th, 1929, 
in the Botanical Lecture Theatre of the Imperial College of Science and 
Technology, London. The Chair was taken by th<‘ President, Dr E. J. 
Butler, C.I.E., F.K.S. 

APPLE SCAB. ITS INCIDENCE AND CONTROL. 

Prof. E. S. SaLxMon, South Eastern Agricultural College, Wye, Kent. 

Mr F. R. Petherbridge, School of Agriculture, Cambridge. 

Mr M. H. Moore, East Mailing Research Station, Kent. 

I. Prof. E. S. Salmon. 

IVof. Salmon said: 3'he subject of Apple Scab can be ireat<Ml from many different 
angles; in the time at my disposal I should like to consider th(‘ control of apple scab 
in its practical asi)ect as it htis to be faced on the farm. 

The control of apple scab is not a single problem, but rather a number of problems. 
We are all rather inclined to rush out and show how the disc'ase can be cH)ntroll<3d 
by spraying, and then we discover very often wdint a number of problems there are 
to be solved before we can say to the farmer: “Carry out this programme and you 
will grow clean apples,” Let me enumerate some of the chief problems. 

The life history of the fmigris. Let us consider th(' life histor^^ of the fungus in 
relation to the primary infection of the apple tree in spring. In this country the 
fungus may persist from season to season both in the conidial (F^nsidadum) stage on 
the one-year-old wood and in the perithecial (Venturia) stage on dead scabbed leaves. 

Much labour and money have been unnecessarily expended in the past—and the 
practice still prevails in some parts of the country—on spraying in the winter in the 
hope of killing the fungus on “scabbed” wood. Apart from the fact that the scab 
pustule may remain covered by the bark until spring, it is very doubtful if spraying 
can kill the mycelial cushion of the scab pustule. Although in some cases scab 
pustules on the wood may be responsible for the primary inflection of the leaves in 
the spring, this source must, I think, be considerwl negligible compared with that 
afforded by peritheeia ejecting ascosi>ores from the dead scabbi'd leaves on the ground. 
Frequently, moreover, in orchards and plantations where the disejisc is severe, 
scabbed wood is absent or present in only a very stnall amount. 

Much investigational work concerning the perithecial stage of apple scab has 
been carried out, particularly in recent years. We know from the work of Aderhold 
on the Continent and of Wallace, Keitt and Jones and other workers in the United 
States, that almost incredible numbers of ascospores may be discharged from over¬ 
wintered dead scabbed leaves. Wallace has computed that from a fragment of leaf 
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1 cm. square 5630 ascospores may be discharged in 46 minutes. It has been found 
that all through the spring months, whenever rainy spells set in, ascospores are 
forcibly discharged from the leaves on the ground. Keitt and Jones found, by drawing 
the air into an apparatus and filtering, that in one orchard, on a rainy day in May, 
the number of ascospores per cubit foot of air averaged 289 throughout a 6-hour 
period. Observers in the United States are agreed that dead scabbed leaves provide 
the main soui'ce of primary infection each season. There is little doubt, I think, that, 
in this country also, such dead leaves provide the main source on the farm. In our 
spraying experiments in Kent we have almost always bt^on able to find in the orchard 
at the time when the first spraying was being carried out, dead leaves with ripe 
perithelia, which on being brought into the laboi atory and kept wet soon discharged 
spores. 

Experiments in trying to prevent the formation of the p^rithecial stage or to 
I)revent the discharge of ascospores have recently been carried out. We may instance 
th<*. work of Dr Keitt and his co-workers in the ITnited States and of Dr Curtis in 
New Zealand. No completely satisfactory results have yet been obtained, but it 
is obvious that all possibilities should be explored of dealing with what is known 
to be the chief primary source of infe(ition. At the present time, however, there is 
no practical method of control in this direction wliich can be suggested to the farmer. 
We are drivtn, then, to rely on spraying to prevent the disease. And, of course, if trees 
arc sprayed thoroughly there should be very little stuxb present on the knives, and 
consequently the formation of pcrithecia should be. largely prevented. And the same 
a})])lies also to th(‘ prevention of scjabbed w^ood by spraying. And this on the whole 
seems to be the be^st line to adopt for the control of scab, as the cumulative effects 
of spraying season after season must inevitably lead towards suppressing the primary 
sources of infection. But it must be remembered that this metlKxl of control depuids 
oil the regular annual spraying of the trws, whether they have a crop or not. Have 
WL sufficient scientific evidence on which to advise the grower to spray his orchard 
irres])(‘ctive of whether there is a crop or not? 

It also depends on whether we can treat the orchard as a self-contained unit 
from the point of view of liability t(j scab. There is the possibility of dead scabbed 
k*av^es blowing from one orchard to another, but such spread of the disease is probably 
slight. The spread of scab by sccjondary infections caused hy conidia produced on the 
k*aves is probably confined almost entirely to the individual orchard. The researches 
of Frey and Keitt have shown that the conidia an* not easily detachable in the dry 
statis but easily become detached in the presence of W'ater. These authors conclude 
that no important dissemination of conidia can take place in the alisence of water, 
and that though undoubtedly some conidia are dislodged by wind-whipping of leaves, 
fruit and branches, by contact with wind-blowm particles and in other minor ways, 
the important agtmey for dissemination of conidia is rain w^ater blown by the wind 
or dropping from the bdughs of the trees. 

We can, therefore, I think, look upon the orchard as an independent unit, liable 
in the main to infection only by spores produced on its owm leaves or wood. If so, 
the case is very different to crops exposed to infection by spores carried on the wind 
from outside sources. Support is thus given to the view that it may prove feasible 
by adopting a programme of routine annual sprayings to eliminate or greatly reduce 
the primary source, or sources, of infection in any one orchard. 
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Spraying; the best fungicide. Against apple scab we have x)ractically only two 
fungicides of proved value; home-made Bordeaux mixture and lime-sulphur (with 
or without arsenate of lead). Bcjsides those, there are the so-called colloidal sulphurs 
and ready-made Bordeaux pastes. In our experiments Bortleaux paste* has proved 
to be definitely inferior to home-made Bordeaux mixture,. It can safely be said, 1 
think, that on the scientific evidence at present available “colloidal” sulphur cannot 
be recommended as a main sjmiy for the farmer. There is, of course, the question of 
“dusts” or “dry spraying.” Dry mixtures of finely divided copjKjr sulphate and 
quicklime and preparations of sulphur as powders—including proprietary articles 
such as “ Kolodust,” are corning ink) use. No scientific ex^xTiments in this countj:y 
have yet, 1 think, demonstrated that dusts give as elh'ctive a control of s(;ab as wet 
sprays. In view, however, of the favourable results obtain<‘d abroad in tlu* hands of 
some, though not all, experimenters, dry spraying against apple scab merits serious 
attention in this country, although, I believe, it cannot at present be recommended 
with confidence to the farmer. 

We come back, therefore, to home-made Bordeaux mixture and lime-sulphur, as 
the main sprays which can be recommended to the farmer. Each of these sprays 
has its own special advocates. Those who advixjate Bordeaux mixture believe that 
it is the stronger and more adherent fungicide; that it is safe to use on c<'rtain (com¬ 
mercial varieties, without fear of causing injury; and they point out that (*ases are 
known in this country where lime-sulphur has caused a “droj)” of 40 |M*r cent, or 
more of the young apples; that certain experimenters abroad, after having given up 
Bordeaux mixture in favour of lime-sulphur, have returned to the former, and quote 
Sanders, who gave as his opinion in 1924 that in Nova Scotia spraying with lime- 
sulphur had been responsible over a period of seven years for a loss of at least seven 
million barrels of apples. Those who advocate lime-sulphur may reply that the 
making of Bordeaux mixture is k )0 difficult an affair for the average farmer; that 
cases are known in this country where serious russeting and leaf fall have Ix^en 
caused by Bordeaux mixture, and that many experimenters abroad report the same 
thing—and may quote the statement recently made by Keitt and Jones, found(;d on 
experiments carried out in Wisconsin on five commercial varieties of apples and ex¬ 
tending over six consecutive seasons that Bordeaux mixture provtxl unsatisfactory 
commercially because of russeting, inferior finish of fruit and foliage; injury, and that 
lime-sulphur, 1-40, appeared to be the most satisfactery spray. 

We at Wye are to be ranked among the advocates of liome-made Bordeaux 
mixture. In the past it was impossible to get the average farmer to make Bordeaux 
mixture from quicklime; as Pickering observed in one of the Woburn Reports, the 
obtaining of quicklime and the simple operation of slaking it with water is too much 
for the farmer. Perhaps the farmer is right—the time required may b(* k)0 precious 
in that busy time of the year when spraying lias to be done. But now that it has 
been shown that equally good Bordeaux mixture <ian be made with slaked lime 
(calcium hydrate), which can be obtained cheaply, of reliable purity, in paper-lined 
bags, the operation of making Bordeaux mixture presents no difficulty whatever, 
and is in fact now being carried out by bailiffs and foremen on fruit farms, and also 
on farms where hops have to be sprayed against Downy Mildew. In our experiment 
we have used Bordeaux mixture on (jertain varieties of apples without the oocurrence 
of any injury of commercial importance—^jirovided, of course, that trees are not over- 
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Bprayod. Such varieties are Bramley’s Seedling, Newton Wonder, AUington Pippin 
and, jierhaps, Worcester Pearraain. On Newton Wonder and AUington Pippin we 
have obtained consistently good results for the last throe years. So far so good, for 
the seasons concerned, but the cautious poraologist is likely to remark: “Wait—and 
the season wiU come when you will find Bordeaux mixture causing serious russeting 
on these varieties.” This caution may be necessary; wo do not know. At any rate, 
before a definite routim^ spraying programme can be confidently recommended to 
the farmer, it must bci based on the results of experiments carried out over a con¬ 
siderable numbf^r of conseoutive seasons. 

LinKvsulphur used on Bramley’s Seedling has given with us as good a control 
of scab 08 Bordeaux mixture. But for the warning given by the East Mailing Research 
Station of the jiossibility of injury in the form of the “drop” of the young apples, 
the use of lime-sulphur might be more advocated. Possibly it will be found a good 
plan to use Bordeaux mixture for the early pre-blosaom spraying, and lime-sulphur 
for later sprayings. 

We are of the opinion that neither Bordeaux mixture nor lime-sulphur requirevS 
the luldition of any “spre^ider.” With the use of sufficient pressure and the right 
tv])e of nozzle, the very fine misty spray secured will effectively cover the whole leaf 
surface, ft may be noted that Keitt and Jone^ reached the conclusion that the 
addition of gelatine or glue to lime-sulphur apptwed to decrease rather than increase 
its effe{!tiv(‘ness, and that the addition of casein-lime to Bordeaux mixture and lime- 
sulphur made no significant difference^. 

The time for spraying and ih(' number of applicatums. Tn the control of apple scab 
nothing is of greater importance than to choose the right time for spraying. Keitt 
and dories emphasise the. fact in the conidusion drawn from their series of spraying 
experimf‘nts; “it was apparent that timeliness of application wm more important 
than the material usc*d.” According to them, Wallace was the first, in 1894, to 
advocate a pre-blossom spraying, viz., at the “pink bud” stage. In 1926 Keitt and 
Jones re])orted that ex^ierirnents showed that tw^o pre-blossom applications were 
necessary on badly sc.abbing varieties. In four of the six years of experimentation 
the pre-]niik applu’ation greatly increased scab control; in two seasons it was of little 
or no value. The mett'orological data collected showed that in these four seasons 
early spring rains of sufficient number and duration led to serious scab infecjtion 
prior to the application of the spray at the pink bud stage. It is held further by the 
same authorities that under severe epidemic conditions three applications during the 
jire-blossom peruxl may be necessary: (1) at the “green tip” stage; (2) at the “closed 
cluster” stage; (3) at the “ot>en cluster” or “pink bud” stage. If only two pre- 
blossom applic^ations are k) be given, the critical ptwitxls appear to be the 

“gretm tip” stage and just before blossoming, preferably the pink bud stage. 

The observations quoted above aU refer to the problem as it existe in the United 
Btate's. We have to work out our own salvation in this country, but it seems clear 
that our problem is much the same. Until quite recently there was no pro-blossom 
spraying in this country—I think the K'cognition of the necessity for spraying at the 
pink bud stage was due to our recording, in 1924 and 1925, the common occurrence 
in orchards of the perithecial stage and the primary infections which occur on young 

1 In recent experiments at Wye it has been shown, in tests with the hop powdery 
mildewy that the addition of gelatine to lime-sulphur reduces the fungicidal value. 
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leaves before the blossom opens. At the present time it is becoming usual to adopt 
a programme of three applications; the hrst, at the pink bud stage; the second, 
immediately the petals have fallen; and the third, two to three weeks later. On 
certain varieties under certain cultural conditions this programme will secure a very 
efficient control of scab. Instances of such control have been given by many workers, 
and we will give one from our experience. The plantation sprayed consisted of 
14-yoar-old trees of Allington Pippin and Newton Wonder, situated on the farm at 
the College, Wye. We will coniine ourselves to the results obtained on the Allingtons, 
but it may be mentioned that strictly similar results were obtained on the Newtons. 
The sprayed trees consisted of two blocks of 12 trees each, and the control (un¬ 
sprayed) trees were 12, in throe plots which were distributed among the sprayed trees. 
Three applications of the fungicide used were made; the first, at the pink bud stage; 
the second, as soon as the petals had fallen; the third, two to three weeks after the 
second. The strength of the Bordeaux mixture was copper sulphate, 8 lb.; quicklime, 
8 lb. or hydrated lime, 12 lb.; water, 100 gals. The lime sulphur was used at the 
strength 1 to 60. The entire crop was graded by hand into three grades; Grade 1 
comprised apples “commercially” free from scab, t.e. the apple was either entirely 
free, or it bore not more than three very minute sj)ots of scab, each not larger than 
a pin’s head; in Grade 2, the apple was obviously affex'.ted, the scab spots being few 
or many, but the fruit was not unmarketable; in Grade 3, the apples were so cracked 
or disfigured by scab iis to bo unmarketable. The results obtained for the past three 
years are shown in Table I. 

Table I. 

Allington Pippin, 

(’roj) 


Year 

Treatment 

1 

2 

3 

ton 

ewt. 

1927 

A . Hydrated lime Bordeaux 

89 

11 

0 




B. Quicklime Bordeaux 

88 

12 

4 

2 


Control 

6 

77 

17 J 



1928 

A. Hydrated lime Bordeaux 

89 

11 

i 




B, Quicklime Bordeaux 

88 

12 

9 r 

0 

14i 


Control 

ir> 

75 

10 f 


1929 

A. Hydrated lime Bordeaux 

B, Hydrated lime Bordeaux followed ( 

87 

91 

13 

9 

"1 

0 V 

1 


18 


by lime-sulphur twice \ 

•> 


Control 

2:1 

72 

5 I 




It is an interesting fact to find that for three consecutive seasons a programme of 
three applications of Bordeaux mixture secured an excellent control of sc^ab, con¬ 
verting crops which, on the unsprayed trees, contained only 6 to 23 per cent, of clean 
apples to crops of which 87 to 91 per cent, were clean. No russeting or other spray 
injury of any moment occurred. It is to be noted that while the seasons of 1928 and 
1929 were hot and dry, that of 1927 was wet. 

Under the conditions of the experiment, then, this spraying programme, with 
careful but strictly commercial spraying, using the spraying rod, satisfactorily con¬ 
trolled scab, whether the weather was wet or dry, on trees of Allington Pippin and 
Newton Wonder in a plantation. 

Sometimes, however, under other conditions and with a different variety, control 
of scab is not secured by these three spra 3 ings. Let me give an illustration of this. 
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The trees used were in an orchard on a farm near Canterbury, and of the variety 
Worcester Pearmain, about 24 years old. Both the sprayed plots, which contained 
138 trees, received quicklime Bordeaux mixture (8:8: 1(X)); the first plot was 
sprayed three times (at the pink bud stage and two post-bhxssom ajiplications), and in 
the second plot, the spraying at the pink bud stage was omitted. There wore two 
control plots, at opposite ends of the orchard, containing in all 70 trees. The expec¬ 
tation was that control of scab would be secmrod on the first plot but not on the 
second. Nothing of the kind happened, however, as will be seen on reference to 
Table II. 

Table If. 

Worcester Pearmain, 

Year 

Treatment 

1927 (1) Bordeaux thrice 
(2) Bordeaux twice 

Control 

1928 (1) Bordeaux thrice 
(2) Bordeaux twice 

Control 

In 1927 the control of scab could not be considered altogether satisfactory, as, 
although the spraying did increase (Considerably the percentage of clean apples, there 
was still from 39 to 45 pc^r cent, of scabby fruit. And tlicro was nothing in favour of 
pre-blossom spraying. But far wcfrse w^is to follow. In 1928, although the summer 
was hot and dry, the scab assumed epidemic proportions in this orchard. On the 
control trees no less than 62 per cent, of the apples were in Oracle 3, and the thrice- 
and twiee-sprayed })Iot8 gave only 3 per cent, of clean apples and from 43 to 47 per 
(tent, in ({rado 3, The spraying programme was obviously quite inadequate under the 
conditions obtaining here. The biological notes kept by Mr W. M. Ware, in these, as 
in other, experiments put us on the track of what was probably the main factors 
concerned. The observations made in this orchard in 1928 showed that at the date 
of the first spraying {May 2nd) a more or less severe infection of the trees in all the 
plots had already taken plac<*; as a result of this early infection before the first 
spraying bad Ix'en done, not only did the thrice-sprayed plot give no bettcT results 
than the twice-sprayed, but a programme embracing only one })re-blossom applica¬ 
tion proved futile. Iji 1927 Mr Ware's observations showed that, owing probably to 
the excepticaially dry weather in the spring of that year, in neither of the sprayed 
plots was there any infection of the leaves before the blossoming period—conse¬ 
quently the prtv blossom application did not affect the control of scab. The other factors 
which seem likely to have been operative in this failure to secure control of scab are 
the use of the spray gun instead of the spraying rod, and possibly of cultural con¬ 
ditions, Le. the ‘‘pigging” of the orchard and an unusually abundant source of in¬ 
fection in dead scabbed leaves. 

In another instance, in 1929, the trees of Worcester Pearmain were in an orchard 
grazed by sheep and the spraying was carried out with spraying rods. Three applica¬ 
tions with hydrated lime Bordeaux mixture were given, and efficient control of 
scab was secured, the sprayed trees giving 76 per cent, of scab-free apples and the 
controls only 19 per cent. 



Grade 


Oop 

1 

2 

3 

ton 

cwt. 

55 

45 




61 

39 

0 1 

6 

7 

30 

69 

Ij 



3 

54 

43) 



3 

50 

47 1 

1 

11 

0 

38 

62 
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It is much to be desired that workers wiU record those experiments in which the 
control of scab breaks down. If the necessary biological observations in the orohard 
are made, some of the factors concerned with the failure may be discovered, such as 
the presence of unusual sources of primary infections or the occurrence of infections 
at an unusually early date. Until we secure such data, we are not in a position to 
give the farmer the information for which he is now beginning to ask. It seems clear 
that under the conditions usually obtaining in this country a pre-blossom spraying 
at the pink bud stage is necessary and that very often, if this is followed by the 
application of two post-blossom sprayings, very efficient control of scab is secured; 
under other conditions, however, which urgently need investigation, more than one 
pre-blossom application may be necessary. It is interesting to find that some farmers 
in Kent, as the result of experience, now make a practice of applying two applica¬ 
tions of hrac-sulphur before the blossoming period. The number of routine sprayings 
necessary for the control of scab will probably vary in different parts of England. 

Accepting as proved the great importance of early spraying before the fungus 
has established itself on the leaves, a practical difficulty often presents itself. It is 
a common practice for a number of different varieties to be planted intermixed; if 
these varieties flower at different tirncjs, several visits may be required to cat<?h the 
different varieties at just the right pre-blossom development. This practical difficulty 
can only be met by a system of planting blocks of the same variety with adjoining 
blocks of another variety where cross-pollination is necessary. 

It is of course easy for the mycologist, sitting at his writing table, to lay down a 
spraying programme of pre-blossom applications; it is a very difficult matter for the 
farmer to carry out this programme satisfactorily under the weather conditions which 
often prevail here in April and May. But here there can be no compromise. It must 
be brought home to the farmer that the same weather conditions, viz, frequent spells 
of rain, which hinder his spraying arc just those which provide the necessary exm- 
ditions for the ejection of countless numbers of spores from lea ves on the ground and 
for primary infections to take place on the opening leaves. The nutjor part of the 
discharge of ascospores for the season may take place in early spring before the 
blossoming period. When trees are heavily infected before spraying has been done, 
it is probably impossible to secure by subsequent spraying a satisfactory control of 
scab. The farmer must watch the weather, and must have everything ready for 
spraying—machine, nozzles (and spare parts), spray mixture and gang of men— 
then on the few fine days that do oc’cur in a wet spring he is able to spray with the 
knowledge that—^in most cases^—spraying under such conditions will protect the crop 
from exceptionally severe attacks of scab. 

Spraying rnxichinery and the technique of spraying. It is essential that continuous 
high pressure is obtained at the nozzle to secure a very fine misty spray which wets 
the whole leaf surface. In the operation of spraying, either the spray gun or the 
spraying rod is used. The spray gun (of about 2 ft, in length) gives the choice of a 
fine or of a coarse spray; when in perfect working order it can be adjusted to give a 
fine, misty spray and the sprayer can then (if there is not too much wind) walk 
round the tree and complete the spraying of the lower part of it, using the coarser 
jet to spray the upper parts of the tree. Not uncommonly, however, owing to the 
spray gun being slightly out of repair, or in unskilful or careless hands, a coarser 
spray is used all the time, and it is then only possible for the sprayer to direct very 
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rapidly the volume of spray en masse on to the tree, as any attempt to spray separate 
parts of it would result in drenching the foliage and probably causing spray injury 
from overspraying. As a matter of fact the use of spray guns does often result 
in oyerspraying. The spraying rod, 6 ft. in length, demands a slower action but is 
far safer; greater attention can be given to spraying thoroughly every part of the 
tree, branch by branch being taken without fear of overspraying. Spraying is a skilled 
operation, and it is more or less an unpleasant one; those farmers are wise who 
recognise both facts and provide the sprayers with extra payment and with suitable 
spraying equipment. 

Varieial smceptibilily and spray injury, I shall merely remark on this subject that, 
as is well known, some varieties of apples show tnorc or loss severe injury when sprayed 
with Bordeaux mixture, while other varieties are afTeoted injuriously when lime- 
sulphur or other sulphur preparations are used. The field is a very wide and im¬ 
portant one and a great deal remains to l)e (ilucidated. The injury liable to be caused 
by Bordeaux mixtimi apfjears to be correlated with weather conditions subsequent 
to the application. 

Besides this type of injury, which may be termed specific to the variety (ioneerned, 
there is the wide <pie^tion of injiirj^ due to overspraying. Until the art of spraying 
has been mastered this must remain another problem. 

Method of experimentatio7i. It is alivays necessary to have a considerable number 
ot control trees left unsprayed; the control plots should if possible be situated in 
different parts of the sprayed orchard, as the incidence of scab is liable to vary in 
different parts of an orcluird. Owing to the drift of fine spray that is boiind to take 
place at the different times of spraying, either guard rows should be established, or 
the entire crop should be collected from all the trees and graded. Hand grading for 
scab is of course absolutely noce^ssary; it is impossible to gauge accurately by the eye 
the results of spraying by inspecting the crop on the trees. The farmer may go astray 
by relying on this method of judging. Tn our experiments we have counted the 
number of apples in each grade and also have weighed the apples in each grade. We 
have found that the percentage by number in each grade approximates very closely 
to the percentage by weight. 

A biological examination of the sprayed and unsprayed plots should bo made at 
short intervals throughout the sejison for the noting of such points as the time of 
the 0 (jcurrence of the primary and secondary infections, the killing or non-killing of 
scab on the sprayed parts, the occurrence of fresh infections on fresh growth, and 
the first appearance of any spray injury. 8uch observations may furnish the clue to 
the solution of many problems. Unfortunately the experimenter too often lacks tht‘ 
time to be able to pay many such visits of observation, and can do little more than 
spray the trees and grade the crop for scab. I am convinced, however, that we shall 
not get the problem of the satisfactory control of scab on the diffei’eiit varieties in 
different parts of the country solved until more trained workers carry out such 
observations in sprayed orchards. 

I would like to conclude with a plea for the recognition of the fact that the 
economic control of apple scab has become a matter of national importani*e. There 
is a colossal waste of English apples through scab everj»^ season; the loss to farmers 
must run into many hundred thousands of pounds. There is now no commercial variety 
immune from scab such as Bramley’s Seedling was in the past. Every year fresh 
Ann. Biol, xvn 27 
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apple orchards and plantations are coming into bearing; only with rare exceptions 
are the trees sprayed against scab in a rational manner. A fon^ignor looking at the 
English apples displayed in the shops in any of our country towns would be driven 
to conclude that the ‘'National Mark” of the English apple is a scab spot! On the 
other hand, farmers are showing an increased interest in the question of spraying 
against scab; the advisory myciologist meets an increasing number of farmers who 
ask for the spraying programme to adopt for growing clean apples only. There is a 
twofold task: (1) of advising the grower how to control scab and of giving demon¬ 
strations of the method so far as it is known; and (2) of carrying out investigations 
to solve the many problems which must be solved before the (Control of scab is possible 
on many varieties under many cultural conditions. It can hardly be claimed that 
this work is being done on a scale commensurate with its national imjwrtance. 
I would put in a plea for apple scab to bo tre-ated by the official authorities as virus 
diseiises now are. The Virus (,‘ommittee of the Ministry of Agriculture finds wayw 
and means to secure investigations into virus diseases and their methcnls of control. 
Could not an ofiicial Apple Scab (bmmittee function in the same way ? 


II. Mr F. R. Petherbridge. 

Mr Petherbridge said: In the Eastern Counties Apple Scab is now one of the 
most important factors in the profit and loss of apple growling. During the past 
three years, in conjunction with Messrs Dillon Weston and Kent I have carri<*d out 
spraying trials on the same trees. The variety used was Worcester JVurmain and 
the trees which were planted 22 ft. by 24 ft. wore over 20 years old, and in the past 
had been badly attacked by “scab” but were comparatively fn‘C from “capsid” 
and “red spider.” To prevent interference from attacks of aphides and caUTpillars 
all the trees were spraycKl each winter with a “tar-oil” wash. 

The spraying. Tw^o barrow-type hand-power machines each w'ith one lance (bent 
near the nozzle) were used and tlie nozzles were adjusted to give a very fine mistMke 
spray. The spraying w^as very carefully carried out and practically the whole surface 
of the trees was covered with the fungicide. This spraying was more thorough than 
is normal in commercial orchards. 

The spray fluids uscxl were lime-sulphur and home-made Bordeaux mixture, made 
on the excess lime formula (10 lb. lime, 31b. copper sulphate, 40 gallons water). 
Since it is usual in commercial i)ractice to add arsenate of lead to fungicidtw, 5 lb. 
of lead arsenate paste were added per 100 gallons of each cjf the diluted sprays. 
Every year the lime-sulphur was used at a strength of 1 in 30 for j)re-bk»ssom spraying 
and at a strength of 1 in 60 for post-blossom spraying. 

Each plot consisted of eight trees. Two plots were sprayed wdth lirac-sulphur and 
two with Bordeaux mixture. Every sprayed plot was next to a sprayed plot on one 
side and to a control plot on the other, necessitating three control plots. Eaik year 
all the fruit from the trees was sorted into the following grades: 

(a) Free from scab. 

(b) Showing slight scab spots, the total scabbed area being less than could be 
covered by a sixpence. 

(c) Badly scabbed and seriously affected in market value. 
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1927 

Pre-blossom spray 

May 2nd 


Post-blossom spray 

May 23rd 

1928 

Pre-blossom spray 

May Isi 


Post-blossom sprays 

May 21st and June loth 

1929 

Pre-blossom spray 

May 9th 


Post-blossom sprays 

May 30th and June 20t.h 


The results obtained are shown in the following tabic: 


Percentage tmg^U of apples. 


Spray 

Control 

Lime-sulphur 

1 in 30 pro-blossom 

1 in 60 post-blossom 

Year 

1927 

1928 

1929 

1927 

1928 

1929 

Clean 

0-2 

0-24 

61 

6 

30 

91 

Slightly 

scabbed 

7 

10 

42 

44 

60 

7 

Badly 

scabbed 

93 

90 

7 

60 

20 

2 

Average 
crop pc*r 
tree m lb. 

67 

41 

104 

119 

136 

242 

Excess Bordeaux 

1927 

48 

42 

9 

107 


1928 

72 

21 

7 

118 


1929 

98 

1-6 

0-4 

206 


(14 russoted) 


HaJf-strength excess Bordeaux gave results almost as good as those of the excess 
Bordeaux mixture. 

The a})pk‘S were market(‘d chiefly in boxes, a fe^v being sent in trays. The monetary 
returns (less the cost of packagers, freightage and commission) works out as follows: 


Average returns 7 >cr acre. 



Average of 1927-8 

1929^ 

Average for 3 years 

Control 

£14. 10,^. Od. 

£(K) 

£30 

Lime-sulphur 

£67. Kly, (V/. 

£160 

£98 

Bordeaux 

£80, ih, (V/. 

£136 

£98 


* Not based on actual returns as in 1927 and 1928 but on £20 p<3r ton for 1st grade 
and £14 per ton for 2nd grade. 

These figures show that there is a very little profit on the unsprayed trees and 
a profit of over £60 per acre on both the lime-sulphur and Bordeaux ajirayed trees. 

They also show that the intensity of apple scab is very variable on the same trees. 
In 1927 and 1928 the attaijk wus very severe and practically the whole of the apples 
on the un 8 pra 5 ^ed trees were scabbed. In the dry season of 1929, on the other hand, 
over 60 per cent, of the fruit on the same trees w^as clean. 

The yield on the sprayed trees as a result of the first year's spraying w'as about 
double that on the unsprayed trees, and after the second year’s spraying it was 
about three times as big. An examination of the trees during the winter following 
the second spraying showed that the sprayed trees had much better pros})ccts of a 
good crop the following season, judging by the number and size of the fruit buds. 
In spite of the comparatively small amount of scab in 1929, the yield on the sprayed 
trees was again double that on the control trees. 

The lime-sulphur plots gave the highest yield, and the apples on these plots 
coloured earlier than those on the other plots. 


27—2 
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In 1927 and 1928 there was a slight russeting of the fruit on the Bordeaux trees, 
and in 1929 this was more noticeable, 14 per cent, of the fruit being russeted, and 
in addition there was some scorching of the older leaves which caused a number of 
them to fall from the trees. * 

Worcester trees over 20 years old, in the eastern counties, are often regarded as 
being unprofitable. The above expt^riment shows that scab is capable of bringing 
about this state of affairs, but that it can be remedied and a big profit obtained if 
the trees are sprayed with either lime-sulphur or Bordeaux mixture. 

It also demonstrates the cumulative effect of spraying, as, after two years’ 
spraying it was easy to pick out the sprayed trtx^s during the dormant season by their 
healthier appearance. It also shows that tar-oil spraying alone is of little value on 
a variety like Worcester when scab is prevalent. 

A cmiparmm of lime-»ulphur and Bordeaux mixture, Bordeaux mixture gave a 
better control of scab than lime-sulphur, but lime-sulphur gave a bigger crop than 
Bordeaux. 

Lime-sulphur also gave better coloured fniits, eRi>ccially in 1929, when the 
Bordeaux mixture caused a fair amount of russeting. 

Since the introduction of tar-oil washes, “red spider” (Oligmychua vimi) has been 
a serious pest of apples. This is controlled by lime-sulphur spraying but not by 
Bordeaux mixture. 

With some varietitis it is not advisable to use lime-sulphur aftfT blossoming if it 
has not been used on the same trees before blossoming. Varieties like Lane’s Prince* 
Albert may suffer severe defoliation if trees not sprayed before blossoming are spray( hI 
after blossoming with 1/100 lime-sulphur. 

Bordeaux mixture is a standard article but not easy t/O make in the field. IJme- 
sulphur is a proprietary article and easy to make, but owing to its proprietary nature* 
is liable to vary considerably. Four samples carefully taken in 1929 gave the following 
analysis: 

Lime-mlphur aolviions. 



(«) 

(!>) 

0 ) 

Specific gravity 

1-300 


1-2321 

Total sulphur 

33-83 

32-76 

24-40 

Polysulphido sulphur by modified 
Chapin method 

20-28 

25-47 

17-91 


Results expressed as percentages pounds in 10 gallons. 


(d) 

M944 

17-52 

11-31 


These differences probably explain the varying results obtained by different growers. 

Varieties vary very considerable in their susceptibility to scorch from Bonleaux 
and lime-sulphur. It is important that those who advise growers should know how 
the different varieties usually behave. For this purpose we have (in conjunction 
with the County Horticultural Offi<;ers) drawn up a table for the use of growfTs in 
the Eastern Counties. Our knowledge of some of the varieticvS included is somewhat 
limited and further observations may necessitate alterations. 

First applicaJtion, Pink stage, 

AU varieties. Bordeaux or lime-sulphur (1 in 30) plus lead arsenate. Varieties in 
chiss (a) to be sprayed after blossoming with lime-sulphur should be sprayed before 
blossoming with lime-sulphur. 
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After blossom spraying* 

(a) 1 in 100 lime-sulphur plus 0*3 per cent, lead arsenate paste. 

Cox’s Orange Pippin. 

Rival. 

Lane’s Prince Albert. 

Wellington, 

Blenheim Orange. 

Lord Grosvenor. 

J. Grieve. 

Beauty of Bath. 

Chtis. Ross (not usually nt'cessary to spray), 

(b) 1 in 80 lime-sulphur plus 0*5 per cent, lead arsenate paste but not Bordeaux. 

Newton Wonder. 

(r) 1 in 00 lime-sulphur plus 0*5 per cent, lead arsenate pa.ste but not Bordeaux. 

Allington Pifipin. 

Lady Hudely. 

(Oadstono. 

Du<'he.ss Favourite. 

Lord OiTby. 

Annie Elizabeth. 

King Edward. 

(//) I in 00 Ijme-sulphur or exce.ss Bordeaux plus 0*5 jkt cent, le^id arsenate paste. 

Worcester. 

Braniley. 

Bismarck. 

Emncth Early (Early Victoria). 

Stirling Castle. Before blossoming twice with excess Bordeaux. No after blossom 
spraying. 

Dusts have now found a place in the control of scab in piu’ts of America. 

Dur exiKiriments on these are mainly confined to 1920 when the incidence of 
scab was slight. Six dustings with a proprietary sulphur dust gave very similar 
rosuh^ h) throe sprayings with lime-sulphur. 

Tf, in normal seasons, dustings w ill give almast as good results as spraying it w ill 
find favour with growers, as it is easily and quickly applied and is economical of 
labour. 

III. Mr M. H. Moore. 

Mr Moork said: It is my intention to outline briefly the main results obtained 
at East Mailing in experiments on scab control during the past three years, and to 
indicate the methods employed in obtaining these results. The subject will be treated 
under three chief heads, viz. the effect of spraying, the effect of manuring and the 
effect of rootstock. 

1. Thb effect of straying. 

The spraying trial plot at East Mailing was originally used as a trial of Mailing 
“Paradise” rootstocks, but when the scab work was undertaken, this plot was given 
over to the spraying experiments. 



420 Proceedings of the Association of Economic Biologists 

Two varieties, Cox’s Orange Pippin and Stirling Castle, are planted in alternate 
rows, and the trees are worked on various layered rootstocks. We shall not be con¬ 
cerned with Stirling Castle as this is used in another experiment, so that all the 
spraying work dealt with now has iK^en carried out on tlie former variety. 

There are about 160 trees and 11 different rootstocks, there being in almost every 
case 16 trees on the same rootstock. Each set of 16 trcH^ has boon divide^l up so that 
5 are sprayed with one fungicide, 5 with another and 6 are controls, that is, they 
have not been sprayed with a fungicide. 

All treatment apart from spraying is identical as far as is possible—cultivation, 
manuring, pruning. The trees are now about eight years old and are in good condition, 
the first satisfactory crop being picked this ycfir (1929). The spraying is done by 
means of laiapsacks. The preparation and mixing of the sprays are done as carefull}^ 
as possible, and the application is made under personal supervision. Large hessian 
screens are placed around each tree while it is being sprayed to prevent spray drift 
from settling on other trees. Three sprays arc used: 

(a) Bordemix mixture. 8-8-100 (burnt lime) before blowssoming, and “excevHs- 
lime,” 8-25-100, after blossoming. In 1929 hydrated lime was used instead of burnt 
lime at the rate of 8-12-1 (X) before and after blossoming, with disastrous results. 

(b) Lime-sulphur. 1-30 before blossoming and l-KK) after blossoming, although 
in one experiment the strength after blossoming is reduced to 1-150. 

(c) Colloidal sulphur. 4 lb. in 100 gallons, after blossoming only. Gelatine U 
used in this cjiae as a spreader. 

Lead arsenate is includcKl with the majority of the sprays, in order that the 
experiments shall not be interfered with by attacks of cati^rfullars and other biting 
insects. In such cases, the control trees are sprayoti with leiid arsenate only. 

The main spraying trial is subdivided into a number of exjx^riments to tot the 
effect of omitting the pink bud spray, or the two post-blossom a[)plieati()n8, ccun- 
pared with that obtained by the application at all thrive periids, the number usually 
recommended in this country as the complete scab spraying selieiluh^. 

Methods of obtaining results. 

(a) Scab on the young shoots {current yem). 

During the three years from 1926, various methods have bt»em tokd, all having 
as the basic object in view the expression of the area of scab on the shfKits in figures 
which would be comparable, tree by tree. The method has btten madtj less laborious 
each year, of necessity, as the trees were getting bigger and more young wood was 
being produced. The final method, which is the one now used, will be described here. 

The prunings from every tree are collected se^parately and weighed as soon as 
possible, and the approximate area of scab on them is estimated in the following 
manner: Certain shoots are selected as types, and these l>e.ar areas of scab (graded 
by inspection), so chosen that each shoot has apjiroxiinately twice as much scab as 
that representing the grade next below it. These areas of scab are maxima for each 
grade, and all the shoots from each tree separately are graded into those categories, 
which, for the purpose of obtaining comparable figures ultimately, are numbered 
1, 2, 4, 8, 16, 32, etc. Shoots which are quite free from infection are placed in a 
grade by themselves, this grade bt*ing repwsentid by a category number 0. 
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When all the shoots from a tree have been graded, the number in each 
category is ascertained and multiplied by the corresponding catt^gory number. The 
prcxlucts are then added. In order that the area of the tree open to infection shall 
1x3 standardised as far as possible, the sum thus obtained is made the numerator of 
a fraction of which the denominator is the weight of the prunings, this latter being 
regarded as the most convenient, quick measure of the relative suiface area of the 
twigs. To avoid decimals, the fraction is increased 100 times, but the result is evidently 
not a iwrcentage. The final figure has no intrinsic value, but is regarded merely as 
a convenient means of comparing the scab infection on different trees, and ulti¬ 
mately for obtaining in (jomparable figures a measure of the control of scab given by 
different spray treatments. It represents amount of siiab per unit weight of wood, 

Example: How 1. Tree T). ("ox’s Orange Pippin on Ty^x* IV. 


(Jategories 

(> 

1 

II 

IV 

VIII 

\VI 

XXXIT 

No. of shoots 

Hi7 

f)8 

11 

16 

12 

j;{ 

(1 

Sum of prodiK'tfi 

0 

08 

22 

64 

90 

298 

0 ---458 


ir/ of pruHinjga “52 ounces. 

“Scab equivalent” for the tree —458/52 x 100 ”881. 

This so-calh'd “category method” is the chiel basis on which aU the results have 
b(‘cn obtaiiHMl for infection on the shoots, leaves and fruits, and also for the estima¬ 
tion of spray damage such as fruit russeting and leaf scorch. 

Hetnilts (on ,ihoots). One application, in the pink bud stage only, of Bordeaux 
mixture and of limc-.sulphiir n*spectively, has been followed by a pronounced <*heck 
to infection by scab in the case of both fungicides. The eff<‘(»t obtained demonstrak3S 
the great value of spraying witli a good fungicude at this ])eri(wl. There is no constant 
indication that oik*, sjiray was better than the other. 

Two api>lications after blossoming (one at petal fall and the other about three 
^vfM*ks later) have given very good <'ontrol of infection, and m this ease Bordeaux 
mixture* is more efficient than Iime-sul])hur. It will l>e rememb<*red that the strength 
of the latter spray is considerably mluceel for post-blossoming appliedti oils, and its 
fungu*idal value is undoubtedly thus impaired. 

'Phree applic'utions, one before and two aftc*r blossoming, have given excellent 
control, the beneficial effect of t he inclusion of the pink bud application bt*ing evident. 
IHirdoaux mixture was again better than lime-sulphur. 

Home control has been given by two jiost-blossoming applications of the weakest 
lime-sulphur (I 450) and of colloidal sulphur, there b(?ing no difference in efficiency 
betw(3on the sprays. 

(b) Scab on huives. 

The trees were inspected at three or four distinct periods throughout the summer 
and estimations were made, by inspection, of the amount of scab on the leaver. First 
of all, a general impression of the severity of scab on the plot was obtained in order 
to be able to gauge the differing severity of infection and to fix definite categories 
in the mind’s eye. Each tree in turn was carefully inspected for scab on the leaves, 
all leaves coining under a general inspection. It was then allotted a category number 
according to the severity of scab infection, and the numbers were averaged for trees 
in each spray treatment. 
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EfMblU, One pre-blossoming application has checked infection by approximately 
half, Bordeaux mixture and lime-sulphur being equally efficient. 

Two post-blossoming applications of Bordeaux mixture and of lime-sulphur have 
yielded better results than the single pre-blossoming application, the former fungicide 
being more effective. 

Three applications have given excellent control, Bordeaux mixture being again 
somewhat more efficient. 

Slight control has been given by two post-blossoming applications of lime-sulphur 
(1-150) and of colloidal sulphur resj^tively, the effects being similar. 

(r) ^cah on fruit. 

The method of grading the fruit and working out the results was precisely similar 
to that described for the shoots, with the exception that th('! denominator of the 
fraction was the number of apples and not the weight. A great saving of time is 
thus effected on a large quantity of fruit. 

ResuliA. One application only, in the pink bud stage, Inis given surprisingly good 
control of scab, there being little difference in effect b(‘tween Bordeaux mixture and 
lime-sulphur. 

Two x)ost-blossoming applif'ations have also given good control, but on the whole 
this is little, if any, better than that afforded by the pre-blossoming spray. In the 
case of the shoots and the leaves, the first application alone w'as not \isually fis 
efficient as the two later ones. The fungicides form a prot(H‘tivo (covering over the 
new growth, but wdien the application is made only in the pink bud stage, the new 
shoots and most of tiie new leaves are still in the burl and so would not receive the 
protective covering. On the other hand, pokmtial fruits are present at the pink bud 
stage, the receptacle becoming the Hp]>le. Observations each year show' that at this 
perkxi scab infection is ver> prevalent, and, in ciises of bad a-ttfick, the liowers often 
becjome severely infected on the jxjdicel, receptacle and calyx, and even the petals, 
and the young fruits consequently do not escape. When the trc'<^s are efficiently 
sprayed before blossoming this seven* infection does not occur, hut when the first. 
aj)pli(^ation is not miid(* until after blossoming, .scjab hovS already become («tabliaht‘(l 
on the flowers and young fnutlet.8, thus considerably prejudieiug the chances of 
post-blossoming applications alone of getting the upper hand. 

The beneficial effect of a pre-blossoming apj)licaiion is again evident in the results 
following threes applications. Here excellent control has been given, Bordeaux 
mixture being somewhat more efficient than lime-sulphur. 

Two post-blossoming a})plications of lime-sulphur (1-150) and of colloidal sulphur 
respectively, have given only slight control, there lx*ing little difference in effect 
between the sprays. 

Effect on the tree {spray injury), 

(d) Leaf fall. 

In order to obtain a measure of any loaf fall caused by the sprays, hessian troughs 
were erected around representative tree^j immtidiately after the application of the 
petal fall spray. These troughs were visited at intervals of a few days and the number 
f)f leaves in each counted and recorded. In 1929, however, it was found that the 
trees had outgrown the troughs, which had also, for the most part, rotted. The 
method during this year was therefore modified, and counts were taken of the leaves 
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underneath the trees. Though this was not so accurate as the trough method, it was 
sufficiently good to show big differences. 

BeauUe. lime-sulphur at the strengths used caused no le^if fall. “Excess-burnt- 
lime” Bordeaux mixture after blossoming was followed by slight leaf dropping, 
but in 1929, when hydrated lime was used in the Bordeaux at the rate of 12 lb. to 
100 gallons, very severe injury was the result, the trees being almost completely 
defoliated. Colloidal sulphur caused no leaf fall. 

(e) Leaf scorch. 

This was estimated in the same manner and at the same periods scab on the 
leaves. 

Remits, Lime-sulphur (1-30) before blossoming caused negligible scorching of the 
margins of the first leaves. After blossoming, the weak (1-100) solution caused no 
leaf scorc^h. “Excess-burnt-lime” Bordeaux mixture afto blossoming was follow^ed 
by a moderate amount of spotting of the older leaves, and there was rather too much 
of this to l)e negligible. When hydrated lime was substituted for burnt lime in 1929, 
the spraying was followed by very severe scorching. This was probably due either to 
an inferior sample of lime or to the use of insufficiency of it to produce a “safe” 
Bc>rd(‘aux. The figuitjs indicate that lead arsenate has probably caused slight leaf 
scorching, but colloidal sulphur htis not. 

(/) Fruit ruHseiing, 

The fruit wiis graded for fruit russeting, and figures were obtained by the 
“caU^gory” metluxl as for scab on the fruit. 

Results. Lirne-sulphur, colloidal sulphur and lead arsenate caused no fruit 
ruvsseting. Bordeaux mixture eaxiscd severe fruit russeting whenever it was applied 
in these experiments, even wffien the applicatii)n wm made c»nly in the pink bud stage. 
This spray cannot be recommended for use on Cox’s Orange Pippin on account of 
the injury caused, 

(g) Fruit drop. 

At first, this form of injury was gauged by recording the numlx>r of fruit sot and 
the number picktxl and by subtracting the two figures to get the number of fruit 
dropped. In 1929, the number of fruit actually fallen was recorded. 

Remits. Bordeaux mixture has caused a fruit drop when applied after blossoming. 
There is also exodence that wffien this spray was applied in the pink bud stage only, 
some damage was caused to the blossoms and young fruitlets. These results are baseii 
chiefly on the number of fruit picked. There is no evidence that lime-sulphur or lead 
arsenate caused fruit drop. Though there w'as a loss of fruit from the arsenate-sprayed 
controls, it is thought that this was duo primarily to infection by scab. 

2. 1'hb EFFEcrr of mantjeino. 

For several years, two plots of trees of the varieties Worcester Pearmain and 
Bramley’s Seedling, “worked” on various Mailing Paradise rootstocks, have been 
used in an experiment designed to show the effect of manuring on tree iierformance. 
All treatment such as cultivation, spraying and pruning has been as fax as passible 
identical on the two plots, and, for the purposes of the manurial exjH^iment, one phit 
i.s a replica of the other. 
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The “starved” plot has received nothing but green manure such as mustard, 
cabbage and rape, grown on the plot and ploughed in, since 1920. The other plot 
has had what one might call balanced manuring, or complete manuring, as far as 
the needs of the trees are known. Dung, shoddy, meat, bone and fish meal and potash 
have been applied. 

There was a large crop of fruit in 1929, so samplers from each tree were taken 
and graded for scab by the “category” method previously described. 

Large differences were found between the amount of infection on the manured 
plot and that on the unmanured plot, even though all trees hiid received two appli¬ 
cations of lime-sulphur at the same period during that year. 

The fruits from the “starved” trees were very much more heavily infected than 
were those from the manured trees, and the results lead to the conclusion, from the 
one year’s figures, that infection by scab is very considcirably checked on trees that 
receive balanced manuring. This fact in all probability accounts in some measure for 
the diversity of results obtained by different growers, even though using the same 
scab-spraying schedule, and emphasizes the necessity for considt^ration of all possible 
factors in attempting to interpret such confusing experiences. 

3. The effect op rootstocjk. 

Up to the present, data have been obtained on three varieties—Cox’s Orange 
Pipf)in, Worcester Pearinaln and Bramley's Seedling—which show that rootstock 
has an influence on the degree of infection by scab. 

Generally speaking, Cox’s Orange Pippin on Mailing Nos. I and IX respectively 
was much more susceptible to scab than it was when worked on either No. XV or 
No. XIII. 

One year’s results have shown that Worcester Pearmain was much more lK‘avily 
infected with scab in 1929 on Mailing No. IV than on No. V. Bramlcy trees also 
on No. V were only comparatively hghtly infected. 

An interesting case was provided by Bramley’s on No. 1. On the manured plot 
these trees were more heavily infected than those? of the same variety on other stot^ks, 
W'hile on the unmanured plot they showed the lowest degree of infet^tion in the 
Bramley series, though the actual amount of infection was greater on the unmanured 
plot than on the manured. 

Emphasis can conveniently be laid here on the necessity for the standardisation 
of trees, etc., used in experimental work of this nature. 

[A number of lantern slides wore shown, illustrating by tables and photographs 
the various points raised during the address.] 
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REPORT OF THE COUNCIL OF THE ASSOCIATION 
OF ECONOMIC BIOLOGISTS FOR THE YEAR 1929 

During 1929 the Association has met on eight occasions. On six of these various 
subjects of interest were brought before the Association by members and visitors, 
to whom it is greatly indebted. The subjects included Empire Marketing, Virus 
Disease Research, Australian Agricultural Problems, Dairying Research, Research 
on Stored I^oducts, and Apple Scab Investigations. 

In May the Association had the privilege of visiting the London Docks by courtesy 
of the Port of London Authority. 

The Summer Meeting was held at Cambridge, and the Association is indebted to 
members of the University for the hospitality and courtesy recseived during the 
meeting. The attendance, including visitors at meetings, has varied from 49 to 70 
with an average of 58, which shows an increase on last year. 

One Honorary Member, Professor Vavilov, was elected. 

Thirty-five new' members have been elects during the year. There have been 
five resignations and one death, and the Aasociation now numbers 289 Honorar}^ and 
Ordinary Members. 

Durmg the past year the Association has again enjoyed the hospitality of the 
Botany Department of the Imperial College of St^ience and Technology for their 
meetings. The C!)oun(*il feel sure that the Association will approve of recording its 
grateful thanks for this privilege. 

I^ipers reiwi to the Association during the year 1029. 

J(m, 2^th. Mr S. 0. Tallents: “On the Work of the Empire Marketing Board.'’ 
Fd). 22n(l. Dr K. M. Smith: “Some Experiments on the Insect Vectors of Virus 
Diseases of Potatoes.” 

Mar, }5th. Sir John Russell: “Agricultural Problems in Australia.” Mr F. L. 

Mac Doug all: “The Commonwealth Council of Science and Industry.” 

Oct. 25th. The Work of the National Institute for Research in Dairying. Dr R. 
Stknhousk-Williams: “General Account.” Mr W. L. Davies: “Fishiness in 
Dairy Produce.” Mr G. M. Moir: “Economic Aspects of the pasteurisation of 
Milk for Cheese-making.” Messrs Blissett and Little: “The Need for Further 
Knowledge concerning Parasitic Diseases in Pigs.” Mr J. G. Davis: “Vitamin B 
and an Anaerobic Pigment producing Organism.” Messrs Goluing and Halkett: 
“The Manuring of Pastures with Sulphate of Ammonia.” 

Nov. 22nd. Research on Infestation of Stored Prcxiucts. Mr W. S. Thomson: 
“Survey and Intelligence Work.” Mr G. V, B. Herpord: “Biological Work.” 
Mr R. H. Bunting: “Infestation of Stored Products by Moulds.” 

Dec. IZth. The Incidence and Control of Apple Scab. Prof. E. S. Salmon; Mr F. R. 
Petherbbidge; Mr M. H. Moore. 
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REPORT OP THE HONORARY TREASURER 
FOR THE YEAR 1929 

For the year ending December 31st, 1929, current subscriptions received amounted 
to £322. 2s, Od.f this being an increase of £49. 6^. Od. on the previous twelve months. 
Arrears of subscriptions amounting to £16. 6s. Od. wore paid, while the sum of 
£23. 15,v. Od. remained owing at the end of the year with respe(;t to contributors 
two years or loss in arrears. This latter amount, it may be added, is Jess than that 
for the two previous years and it is hoped that the members still in arrears with 
payments will assist the Association by discharging their debts. 

The working expenses of the Association, apart from the Annals of Applied 
Biology, amounted to £33. 0^. Od. as compared with £39. 3s. Od. for the prtwious 
year. The publication actcount of the A 7 inals of Applied Biology showed a reduction 
of £93. 85. Od., notwithstanding 600 copies were printed as compared with 500 in 
previous years. This is largely due to the volume being of somewhat smaller dimen¬ 
sions and to an increase of £55. 125. Od. in non-momboi*s’ subscriptions. After net 
receipts from sales, etc., amounting to £587. 05 . 5d., had been deducted, the balance 
due to the publishers for Volume xvi amounted to £294. 195. Od. The year closed 
with a cash balance of £83. I 5 . 5d. in income over exjxsnditure for that period. The 
assets of the Association exceed liabilities by £870. 95. 2d., which sum includes a 
reserve fund of National Savings C^ertificates of the value of £556. 5.9. Od. 

A. D. IMMS, 
lion. Trensvrer. 
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THE PHYSIOLOGY OP VIRUS DISEASES IN PLANTS 

I. THE MOVEMENT OF MOSAIC IN THE TOMATO PLANT 

By JOHN CALDWELL, B.Sc., Ph.D. 

[Department of Mycology^ Rothamsted Experimental Station^ Harpenden.) 

(With Plate XXXIII.) 

Introduction. 

The study of virus diseases has, in the last few years, become of great im* 
portanee. It has been increasingly recognised that many of the common 
diseases both of plants and of animals are attributable to agents called 
filter-passing viruses. At present, the main criteria of a virus disease are 
the symptom-complex induced, its infectivity and the invisibility of the 
causative agent. The structure of the causative agent is, in the nature of 
things, not at present recognisable. The general position of virus diseases 
has been discussed recently by various authors, and reference may be 
made to their papers for details. 

Becently attempts have been made to assess the physical characters 
(resistance to heat, to alcohol, etc.) of the infective j)rinciple and a 
beginning has been made with the study of the physiological aspects. 

As virus diseases arc* recognisable mainly by their symptoms and their 
infectivity, these are the two aspects of the problem which have been 
most studicxl under laboratory conditions. It is clear, however, that 
symptoms do not serve as very reliable indices of this type of disease on 
account of the inherent difficulty of rigidly defining a disease by symptoms 
which may, under differing environmental conditions, vary between 
wide limits. 

As this uncertainty constitutes a real difficulty, it w-as decided to 
attempt, in this laboratory, some more general studies on the physiology 
of virus diseased plants. Various lines have been opened up, and the one 
with which this paper deals is that of the movement of the causative 
agent within the plant. This is an aspect which has been little studied. 
It was felt, however, to be of considerable importance in that it may be 
possible to give some indication of the nature of the causative agent if 
it be definitely shown how its movement through the plant takes place. 

Ann. Biol, xva 28 
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Results of previous work on the movement op virus. 

The few data relating to this problem arc rather scattered through 
the literature. Bennett(2) was one of the first workers to examine the 
actual tissues through which movement takes place. He investigated 
the movement of the curl virus of raspberries through “ringed'’ stems. 
From his experiments he concluded that (1) the curl virus can be con¬ 
fined to the inoculated shoot for an indefinite period by the simple process 
of “ringing," (2) a relatively small amount of “ bark '* bridging a “ringis 
sufficient to permit of the passage of the curl virus from the inoculated part 
to the parts below the “ring.’' He suggested that the movement of the virus 
from the root of the resting stool “may parallel the movement of food.’' 

Some time earlier Severin(i4) had attempted to determine the rate 
of movement of the infective agent. He found that the virus of curly-top 
of sugar beet moved in “ one-half hour at a mean temperature of l()H-5° K. 
through the petiole 7 inches long.” This was the quickest rate he ob¬ 
tained. More usually the rate was of the ord(ir of 4 inches per hour in his 
experiments. It was also found that the disease* was transmitted from 
infected adults of Eutettix teftelh feeding on the outer leaves of a plant 
to non-infected individuals on the inner leaves of the plant in 0 days. 
When the positions of the leaf-hoppers were reversed, the movement 
outwards took 10 days, at a slightly lower temperature. 

The infective agent of curly-top was transmitted from infected 
hoppers on one of the first two leaves of a young beet plant to non- 
infected males on the opposite outer leaf at the end of 2 days at 81° F. 

McCubbin and Smith (ii) inoculated the main stem of tomato plants, 
the lower branches of which had been “layered” so as to induce rooting. 
By separating the daughter-plants after various intervals of time, they 
found that the virus agent travelled from 8 to 18 inches in 10-20 days. 
The virus agent apparently left the main plant between the 3rd and the 
1 0th days. 

Priode(i2) found that, in the ringspot disease of tobacco, lesions 
frequently appear in the region of the inoculated leaf. Usually systemic 
infection follows. Holmes, in two papers (S, 9), has shown that the virus 
of tobacco mosaic may be found subsequent to inoculation above the 
inoculated leaf before it appears below. He has found that inoculation 
through broken trichomes takes place instantaneously, and that im¬ 
mediate washing off of the infected juice is not sufficient to prevent 
infection. Rubbing the infected juice on to wounds made some time 
before did not result in the appearance of symptoms. 
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Storey (17) found that the movement of the virus of the mosaic disease 
of maize across or down the leaf was not obviously impeded by cutting 
out portions of the midrib or by severing the veins of the half-lamina 
in which inoculation took place. ‘"This result/’ he writes, “was to have 
been expected, for in cither case the leaf remained turgid, being supplied 
by the small anastomosing veins which form a network through the leaf 
lamina.” He found that movement down a leaf, subsequent to insect 
infection, was at a rate varying in six cases out of sixteen from 10 cm. to 
20 cm, per hour. 

Honing (4) found that the virus of mosaic disease travelled in tobacco 
leaf a distance of 13 cm. in a minimal period of 2 days and in tomato leaf 
a distance of 9 cm. in 2 days. In the tomato leaf “streak” travelled a 
shorter distance in 4 days. His results for rate of movement up and 
down the stem may be summarised in the following way. The results 
refer to tomato stems. 


Table I. 

Movement of virus agents in fomMo skun (from Boning), 
Mosaic, Streak. 


Dirootion 

Distaiicti 

(cm.) 

'rimo 

(days) 

Direction 

Distance 

(cm.) 

Time 

(days) 

Down Htem 

12 

4 

Down stem 

12 

6-7 

Down stem 

20 

4-5 

Down st-ein 

20 

4-5 

Up stem 

12 

3-4 

Up stem 

12 

4-5 

Up stem 

25 

4-6 

Up stem 

25 

5 


It will be seen that there is some variation in the results, but they all 
do definitely suggest that the movement of the virus is comparatively 
slow, and that it moves in either direction in the plant at rates of the 
same order of magnitude. 

Jlecently, Davis (7) has summarised the literature on the Infectious 
Chlorosis of Variegated Plants. He deals especially with the work of 
Baur and of Lindemuth. Baur found that the causative agent of chlorosis 
in Abutilon aricennia apparently moves through the extra cambial 
tissues. He prevented the movement by “ringing" the stem. He also 
suggested that the agent could move through an immune A. arboreum 
stem grafted on an A. avicennia without multiplication—the former 
stem being a mechanical means of transport. On the other hand, 
Blake8lee(3) has shown that the agent of the “Q" disease of Datura did 
not travel through a Petunia stock on an infected scion. 


28—2 
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The problem here treated. 

The evidence adduced from the experiments on the rate of movement 
gives one but little indication of the tissues in which the movement is 
taking place. It was proposed, therefore, to deal with that aspect of the 
problem. 

Various general considerations operated in suggesting the lines along 
which work might be carried out. It has already been shown by various 
authors (Auchter(i), Curtis («), Caldwell(5)) that, when substances moved 
in the phloem or in the xylem either upwards or downwards in the plant, 
movement was considerably more free in a vertical than in a lateral 
direction. The movement laterally was much less rapid, if, indeed, in some 
cases it took place at all. 

The first experiments were, therefore, set up with a view to studying 
localisation of the movement of the virus in the tissues of the plant. 
When an eosin solution was absorbed by a petiole stump, subsequent to 
the removal of the lamina, the eosin was found to travel upwards and 
downwards on the same side, and to pass over to the other side of the 
plant only after it had travelled out to and round the anastomosing 
vessels at the leaf-tips. In plants with decussate pliyllotaxis the localisa¬ 
tion was particularly well marked (see CaldwelU^)). A simple analogy 
suggested itself with the substitution of virus inoculum for the eosin 
solution. All the experiments hereafter described were carri(*d out using 
the “aucuba” disease of tomatoes^—a mosaic disease which has been 
described in detail by Henderson Smith(L)). This disease was chosen for 
the work in this investigation because it is easily transmitted by juice 
inoculation, is very infectious, and shows particularly well-defined 
symptoms. The symptom-complex has already been discussed by Hen¬ 
derson Smith, who described the main features, in bright weather under 
normal conditions, as follows: “Scattered over the leaf are patches of 
white and patches of yellow, usually sharply delineated but sometimes 
shading into neighbouring areas, irregular in shape and size, often 
angular, and occurring in all parts of the leaf.” This disease is so infectious 
that it is easily transmitted merely by rubbing a healthy plant after 
infected plants have been handled. This feature is especially valuable 
when dealing with experiments yielding negative results, as, in the main, 
symptoms regularly follow inoculation. 

Inoculations were made as follows: leaves from a plant showing 
aucuba symptoms were cut into small pieces and crushed in a mortar. 
Thereafter was added a volume of distilled water equivalent to twice the 
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weight of the leaf material. The whole was carefully pulped and mixed. 
A few drops of this material wen^ transferred by means of a Pasteur 
pipette to the back of a marking label. This was held under the pinna to 
be inoculated, and another drop was placed on the upper surface. This 
drop was carefully spread ov(‘r the whole of the upper side of the leaf. 
Some 30 -- 4 () holes were then pricked in the lamina—care being taken to 
distribute them as evenly as possible. In all cases where the plant as a 
whole was to be infected, four pinnae were treated, but in some cases— 
as when unilateral infection was attempted, only two pinnae (both on the 
same leaf) were so treated. All the apparatus used was sterilised so far 
as was possible, and the whole operation was carried out with the minimal 
chances of accidental infection. 

Inoculation on one side. 

It was thought from analogy with the movement of metabolites that, 
if the movenumt of the virus agent was localised in the vascular elements, 
the tendency would be for symptoms to appear in the region of the 
treated shoot or lofif. Ksp<H*ially should the leaves on the same ortho- 
stichy show symptoms rapidly. As has before been pointed out, the 
axillary shoot lias similar vascular connections to the leaf in the axil of 
which it develops. In the main, symptoms appear first on the younger 
lt‘aves which are, naturally, at the top of the plant. As the axillary buds 
develop, however, their leavers also show symptoms. 

In the first (‘xperiinental plant ( g inoculation w’^as made on July 8th 
on the leaves of a single, branch. {Symptoms appeared at the top of the 
plant and on the leavi's of the axillary bud above the treated shoot on 
July 2jst. Tw^o other shoots on the same side showed sym}>toms by 
July 22 nd. The symptoms appeared on the leaves of the opposite axillary 
shoots on rfuly 2()th. There was in this case, therefore, some delay in the 
appearance of the symptoms on the side aw^ay from the inoculation. 

In the other plants, inoculated at the same time and on leaves 

of a single branch, the symptoms appeared first at the top and then 
downwards as the axillary bud-leaves grevr without any apparent 
localisation. Similar results were obtained with a fourth plant, C9, which 
was inoculated on July I8th. Four plants, Ag-ylg, inoculated on July 18 th 
and on a single leaf all showed the symptoms systeniically. Among four 
other plants, inoculated similarly on July 2i:th, three showed 

systemic infection, and in one there was a slight delay on the side away 
from the inoculation. Four large plants similarly treated by Dr Hender¬ 
son Smith in October showed symptoms quite systemically. Out of 
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sixteen plants, therefore, one showed a delay of 4 days in the appearance 
of the symptoms on the further side as compared with the nearer, and 
one case had a doubtful delay of J 2 days. The others were characterised 
by systemic infection. When it is borne in mind tliat the time elapsing 
before the appearance of symptoms is at all times rather variable, and 
may vary from 4“18 days under not dissimilar circumstances, the slight 
delay found in these cases may hardly be considered as significant. 

Having been unable to demonstrate definitely the localisation of the 
movement of the virus to the side on which inoculation was made, 
another type of experiment was set up. 

Effect of “ringing'’ the stem. 

The results obtained by Baur (Davis (7)) and by Bennett (2) suggested 
that the effect of “ringing*’ was to stop the movement of the infective 
agent. This did not appear to be so in the case of tomato, as in all of the 
four tomato plants tried symptoms did appear on the parts of the plants 
on the non-inoculated side of the “ring.” In this plant regeneration takes 
place very quickly—the stelar tissue is essentially parenchymatous in 
nature. (There is further a feebly developed intraxylary phloem in the 
tomato.) As a consequence of this it wms difficult to decide whether the 
symptoms appeared as a result of infection by a virus which had moved 
very slowly through the living cells in the xylem and the pith, or else 
had travelled through the phloem tissue whicli arose as a n^siilt of tlie 
regeneration of the tissues. 

ExPERTMEMTS WJTJl FARTlAnLY KILLED STEMS. 

As it was not possible to rely on the non-recovery of the “ringed” 
stem, an att»empt was made to remove the living cells in the stem by 
killing them. The agent used was chloroform, which destroys the proto¬ 
plasm of the parenchymatous cells and which has, apparently, but little 
effect on the virus of aucuba mosaic (see Henderson Smith(lO)). 

A region in an internode about the middle of a fairly large stem some 
40 cm. high was killed over a distance of 5 cm. Tliis was done by making 
two incisions at right angles through the stem with a sharp scalpel. The 
incisions were 1-2 cm. long. Into them was put chloroform which was 
also applied to the outside of the stem. The plant was first staked up and 
lightly tied to the stake. After some hours the outside of the treated 
portion of the stem was smeared with vaseline. The effect of the treatment 
with chloroform was seen rapidly. The tissues almost immediately lost 
their turgidity and at first looked as if they were waterlogged. By the 
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next day the treated area and a portion on either side of it had become 
brown and quite dead. On that day the plants were inoculated either 
above or below the lesion. In other cases the stem treated was that of a 
branch, and the distal end of the branch was treated as being ‘'above’' 
the lesion. 

In these plants which had been so treated, the effect of the killing of 
the living tissue of the stem early became aj)parent. Adventitious roots 
appeared above the lesion, especially on the region immediately above 
the killed tissues. The appearance of one such plant is illustrated in Plate 
XXXIII, fig. J. Tlie results are given below in tabular form. Four 
experiments were carried out with branches treated and twenty-two with 
stems. In some cases the inoculation was made ''above ’ the lesion, 
and in others “below.” The plants were all inoculated between duly 1st 
and J uly 24th, J 929. 

Table II. 

Details of plants inoculated after the stem had been treated with 


chloroform. 

Tota number of treated plants (July lst^24th, 1929) 20 

No. of plants when infection did not pass lesion 14 

No. of plants when infection was not delayed by lesion 4 

No. of plants \^'here tissues paHially recov’^ered 4 

No. of plants whtTc symptoms appeared across lesion 4 


[t can be seen in this table that fourteen plants showed no sjnnptoms 
on the opposite side of the lesion. In twelve plants symptoms did appear 
across the lesion. There is good evidence to account for this n^sult in the 
e<as(* of eight of the plants. In the four plants where "the infection was 
not delayed by lesion the symptoms appeared simultaneously on either 
side of the lesion. It was, therefore, presumed that the "killing ’ of the 
tissues had not been quite complete and that some living cells had re¬ 
mained. In the four plants of the next section there w^as regeneration of 
the tissues secondarily, so that long after the symptoms had appeared on 
one side of the “killed” tissue the infective agent was able to move across 
the regenerated tissue, and to cause the appearance of symptoms on the 
opposite side. In the last four plants the symptoms appeared after a 
delay of 4 5 days and the tissue had not regenerated. It is suggested that 
these plants were probably accidentally infected by handling. 

The whole experiment was repeated on August 23rd and 28th and 
September dth* 5th, 1929. The plants in this case were not now treated 
with chloroform, but the stems were treated wdth steam in a fashion 
similar to the chloroform treatment. A piece of damp cotton-wool was 



436 The Physiology of Virus Diseases in Plants 

wrapped round the stem at the middle of a suitable internode. This 
cotton-wool in turn was held in place by a small sheet of tin-foil wrapped 
round it. The outside of tlie tin-foil was heated with a small gas jet and 
the water on the cotton-wool boiled. Care was taken to protect the leaves 
above and below the treated internode. After this treatment the plants 
were left for one day, after which the outside of the dead area was 
vaselined. The stems in these plants again were tied to canes to prevent 
their falling. Inoculation was made below the killed tissues in each case. 

In the first three plants, >S21->S 23, symptoms appeared below the 
lesions in 5 days. In 21 - aV 20 they appeared in 8 days. In the plants 
S 44 the symptoms appeared between the 5tli and the 7th day after 
inoculation. Untreated controls showed symptoms on the 5th day. Only 
one out of these plants showed symptoms above the killed area. 

Table III. 

Data reldiing to the plants with '\steam(HV' stem. 

Total number of plants 21 

No. of plants showing no symptom above lesion 20 
No. of plants showing symptoms above lesion 1 

The plants which were used for the experiments had, unfortunately, 
to be tested for latent virus by being kept for 4 weeks or so. It was not 
possible to keep the portions above the lesions turgid for as long a time, 
and usually the leaves tended to wilt about the JOth day after treatment. 
For this reason, it was necessary to remove the upper portion of the 
plant just above the killed area at tlu* end of a fortnight and tn grow it 
separately as a cutting. The cuttings were then (‘xamin(‘d daily for 
symptoms. 

That the xylem water current had not been cut oil by the treatment 
received was indicated by one or two observations, {a) The upper portion 
of the treated plants remained quite turgid for over a week, usually for 
a fortnight, [b) The xylem vessels appeared quite open on sectioning tlie 
tissue, (c) The shoots enlongated after treatment and appeared (piite 
normal. In the case of one of the treated branches measurements were 
made on two of the leaves distal to the killed tissue. The figures are given 
below: 



Table IV. 



Length on 

Length on 

Leaf 

July 3rd 

July IQth 

(mm.) 

(mm.) 

A 

22 

37 

B 

35 

60 
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It will be seen that in one week the increase was nearly 100 per cent. 
Another and probably more satisfactory method of determining if water 
were passing up the stem across the dead area was the following. The 
stem of a treated plant was removed just above the roots and the cut end 
immersed in a solution of eosin, or some other dye. The solution travelled 
up the stem and passed across the treated area without obvious delay. 
Similar results were obtained when the dye was absorbed at the cut end 
of a petiole either above or below the lesion. The solution passed from 
below upwards or from above downwards quite readily—the dead tissues 
offering no apparent obstacle to movement. The movement of (liinese 
ink has taken place up to 3 weeks after the killing of the tissues. 

Movement of particulate substances through killed stems. 

Of special interest in this connection are the experiments with diluted 
Chinese ink and nigrosin in water. When the cut stem was placed in 
either of these substances, the movement through the killed area of the 
stem could readily be watched by noting the blackening of the vascular 
bundles. The movement of these materials was not stopped at the top 
of the lesion but, on sectioning, particles of them were found in the 
vascular elements of the distal portion. This proves that the vessels were 
not plugged with protein materials, which might have acted as colloidal 
filters preventing the free movement of a virus body while allowing the 
possibly smaller I'osin molecules to pass across. 

Snow (1C.) has found that wry similar treatment in the case of bean 
seedlings killed the living tissues but did not, at first, impede the move¬ 
ment of water. He found that the distal portion of plants in whi(*h an 
area of stem had been killed remained turgid for some 3 weeks. 

The upper portion of the plant rooted readily as a cutting, and show^ed 
symptoms comparatively rapidly after being established if it had been 
previously infected. Those from treated stems were grown as plants for 
4 weeks before being coiivsidered as clean. The cutting was always taken 
just above the dead tissue. 

To ensure that the time (I i days) which elapsed between inocula¬ 
tion and wilting was sufficient to admit of the movement of virus up 
a normal stem, various untreated plants were inoculated. In some of 
these cases the minimal dose was given —inoculations being made on a 
single pinna at the base of the plant. After 4, 5 or b days the tops were 
removed some five or six internodes above the inoculation. Only one of 
the 4-day plants did not show symptoms on the upper portion which had 
been treated as a cutting. 
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Further, controls of the same size as the treated plants, inoculated at 
the same time but without steamed tissue, were arranged. In every case 
symptoms appeared, at the top of the controls, before the distal portion 
of the treated plants had wilted. 

The mere fact of using the tops as cuttings to test if the virus were 
present in them is not in itself sufficient to inliibit the development of 
symptoms in infected material. It has been pointed out that infected 
stems will root and show symptoms comparatively rapidly. If young 
leaves are allowed to root on sand, it has been found bv the writer that 
subsequent inoculation on one pinna results in the appearance of virus 
symptoms over the whole leaf. Purdy(13) found similar results with 
tobacco leaves. To ensure, further, that no top was a ‘"carrier,” the leaves 
of some of the tops were removed at different stages and inoculated, as 
above described, into batcdies of four young actively growing plants. 
In no instance did tlie test plants develop symptoms. Incidentally, 
no case of a “carrier*’ for aucuba mosaic has yet appeared in our 
cultures. 

To determine if any virus had passed into the dead tissue and had 
there been adsorbed, the following inoculations were made. The region 
of dead tissue was divided into three so that the middle portion was 
quite free from the living tissue above or below. The three portions were 
approximately equal. Inoculations of each of these three portions were 
made into sets of plants. In the first case, the lower third, all the plants 
developed symptoms, but in tlie other two sets all the plants W(‘re clean. 

J’OSSIBLE ADSORPTION OF THE VIRUS AUENT. 

One possibility suggested itself in the matter of the non-crossing of 
the killed area. It was thought that the actual killing of the tissues might 
have liberated some substance which inhibited the development of 
symptoms above the lesion, or, alternatively, the dead tissue might have 
absorbed the virus agent and prevented its further passage. To ascertain 
if either of these suggestions were probable, the following set of experi¬ 
ments was carried out. 

A quantity of macerated leaf-tissue from virus plants was divided 
into three portions. One portion was inoculated directly into the first 
set of plants. These served as controls. The second portion was centrifuged 
at a high speed for 5 minutes; then thoroughly shaken up; again centri¬ 
fuged for 10 minutes and thoroughly shaken. After having been centri¬ 
fuged for another 10-minute period the supernatant liquid was decanted. 
The residue was mixed with a little sterilised distilled water. The super- 
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natant liquid was a clear brown colour. Sets of plants were inoculated 
with the supernatant liquid and with the residual material. 

The third portion of the infective material was passed through muslin 
to remove the larger pieces of tissue. To the filtrate was added a quantity 
of stem tissue of uninfected plants which had been steamed in the manner 
previously described. The wliole was carefully mix(!d together. The 
mixture w^as treated in exactly the same way as was the green tissue. It 
was alternately mixed and centrifuged. Thereafter the supernatant and 
the residual material were inoculated separately into sets of plants. There 
were, therefore, five sets of plants, viz. 

(a) Controls inoculated with untreated macerated material. 

(b) Plants inoculated with supernatant liquid of centrifuged macerated 
material. 

(c) Plants inoculated with residue of centrifuged macerated material. 

(d) Plants inoculated with supernatant liquid of (centrifuged mixture 
of infe(ited juice and boiled tissue. 

(c) Plants inoculated with residue of centrifuged mixture of infected 
juice and boiled tissue. 

These plants were set up on October 1 (ith, 1929. Most of them showed 
symptoms of aucuba mosaic by October 29th. All were definitely 
infected when they were discarded on November 29th. The effect of 
the boiled tissue, thorefor(% was not appre(*-iable under th(‘ conditions 
obtaining in these experiments. 


Discussion. 

From the results of the experiments detaih'd above, it is evident that 
one point has been established regarding the movement of the virus of 
aucuba mosaic in tomato. It has been clearly demonstrated that the 
virus agent did not travel across tissue of which tlie living (dements have 
been killed. Through this tissue, on the other hand, water could and did 
pass. The xylem vessels w^ere not blocked, and coloured solutions passed 
freely upw^ards or downwards. No adsorption or inhibition of the causa¬ 
tive agent could be demonstrated. One is, therefore, forced to the con¬ 
clusion that tlie virus agent cannot travel mechanically in the xylem 
stream, but can only pass through the living tissue. For some n^ason, as 
yet not understood, survival of the tissue is necessary for the movement 
of the virus (cf. Holmes (9)). This is of more than passing interest, when 
it is remembered that the virus of tobacco, for example, can withstand 
the curing processes. In my own experiments, 1 have found that the 
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dead, dry leaves of aucuba infected plants continued to be infective 
when inoculated into fresh plants. 

'The conclusion is in complete agreement with that of Baur and of 
Bennett. It does not confirm the implied suggestion of Storey, who 
pointed out that it was not surprising that the virus travelled across a cut 
lamina, since the opposite^ side was still turgid. The implication is that, 
if the water passed across the leaf, the virus should also have passed. This 
is not necessarily so. Auchter has demonstrated, and T have confirmed 
his results, that there' is distinct localisation in the movement of salts, 
etc., in the plant. It appears that, in the main, rapid lateral movement 
in plant tissues is confined almost entirely to water; even water-soluble 
salts do not appear to travel so rapidly. 

It may, therefore, be stated definitely that, for the virus principles 
which have been studied, there is no direct evidence for movement in the 
xylem. All the experiments have, so far, shown that movement does not 
take place through the xylem tissues. 

Movement in the phloem. 

Movement through the phloem is more difficult of demonstration. 
The evidence addu(*.ed on this point must, in the nature of things, be 
circumstantial. It is not jnactieable to isolate “phloem ' from “living*’ 
tissues. Two lines of argument may be pursued. If the movement were 
necessarily confined to the phloem tissues, there would be, it is suggested, 
some evidence of localisation of the symptoms to one particular portion 
of the plant. The leaves on the axillary shoot of the inoculated leaf and 
those directly above and l)elow would, ])resumably, show symptoms 
first. The leaves on the alternate sides, that is,, those with petioles more 
or less at riglit angles to the treated leaf, would next dt*velop symptoms. 
The basis of this argument and the data conceriK'd art' contained in the 
papers on the movement of materials in plants (Caldwell (5)). The leaves 
on the side opposite to the treated leaf should not develop symptoms 
until long after the others. If movement were extremely rapid this might 
not necessarily hold. It has been shown, however, that it is not. 

In the experiments recorded above, only one somewhat doubtful case 
occurred in which symptoms appeared some few days later on the opposite 
side. Even if this were a valid instance it is isolated, and, in any case, the 
difference in time is much too small to have any great value. The general 
conclusion to be derived from the experiments here recorded and from 
numerous others is that in the tomato, at least, there is no evidence what¬ 
soever for localisation of movement to any sector of the plant. Severin 
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actually reports cases where the virus had, apparently, passed down the 
petiole of a leaf, had crossed the developing “bulb” of a beet, and passed 
up the petiole of the opposite leaf. The whole operation, including, pre¬ 
sumably, some multiplication in the tissues of the opposite leaf, had 
occupied 2 days. This suggests, in the light of the work referred to above, 
that movement must have taken place across tissues other than phloem. 

The rates at which movement takes place in the tissues are of value 
in this connection. Storey and Severin have measured movement within 
a petiole or within a leaf-blade. The data they report are given in the 
following table. 

Table V. 


Rate of movement of the virus of sugar beet and, of maize, 

Di8t«,noo 

Time travelled 

(hr.) 

Virus Plant 

(cm.) 

Author 

i 

Curlytop Beet 

17-5 

Severin 

1 

>> » 

81 

» 

1 

»» »» 

8-75 (twice) 

>» 

1 

>» »» 

11-8 

»» 

I 

»> 

131 


1 

Mosaic Maize 

10 (thn(M‘) 

Stoi'ey 

2 


40 „ 



In Table 1 Bbning's data for tomato mosaic and for ‘\streak” have 
already Ix'cri given. In my experiments i^ites of the same order of 
magnitude were obtained, though there is always some variation due to 
indivulual difl'ereuces in the plants used. There is no reason to assume 
from tliese data that the agent wuxs moving in the xylem: rather there is 
strong evidenc(‘ that it was not. it is difficult to believe* that the infective 
principle could move so slowly in the water stream. Most experiments 
suggest a rate of some 2 mm, per hour, following needle inoculation. Any 
data available sugg(‘st a very much greater rate of movement for w'ater 
in the xylem tissues (cf. Sachs, etc.). 

Movement in the leaf tissues appears to be very much faster. In this 
case the material used was inoculated into the tissues by insect-vectors. 
These insects are known to penetrate, by means of their stylets right to 
the phloem tissues. It is, therefore, suggested that the few observations 
which give very quick rates of movement were made when fortuitously 
the infective insect had inoculated its virus right into the phloem of one 
of the larger veins and when the second insect had sucked the infective 
juice out of the same vein. In the majority of cases, however, movement 
takes place from cell to cell by some niochanism of diffusion. In cases 
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where the phloem is injected and not seriously upset movement is more 
rapid (cf. Mason and Maskell(io))- This probably accounts for the isolated 
cases which periodically occur in work with the tomato, where symptoms 
appear within 4 days of inoculation. As has before been noted the 
symptoms first appear in the rapidly developing apical leaves. 

The following general conclusion must, therefore, be drawn as a result 
of a consideration of the work above, viz. that there is no evidence of 
movement in the xylem. Direct evidence indicates that movement does 
not occur there in the case of, at least, three types of virus agent. Bennett 
has found that the curl virus of raspberry will not travel across ringed 
stenas. Baur obtained similar results with the infectious chlorosis of 
Ahtitilon. I have, in this paper, shown that the causative agent of aucvba 
mosaic of tomato does not cross regions of stem where the living tissues 
have been killed. 

As for the extra-cambial tissues, the absence of any apparent difficulty 
of lateral movement of the virus agent in the plants points to there being 
no inability on the part of the virus to travel in any living tissue. Direct 
evidence from inoculation through trichomes supports this view. On the 
other hand movement may, on occasion, be so rapid as to indicate that 
it must have taken place in the phloem elements. 


Summary. 

In this paper the movement in the plant of the causative agent of 
virus disease is discussed. The relevant data in the literature are 
summarised. 

A method is described whereby a portion of the stem in the middle of 
a tomato plant was killed either by chloroform or by steam. In this way 
the living upper and lower portions of the plant were connected by a 
bridge of dead tissue. It is shown that the symptoms appeared in that 
part of the plant in which the inoculation was made. The virus agent did 
not travel across the dead region. 

The xylem tracts were not materially affected by this treatment, and 
water travelled across the region. Evidence of this is the fact that the 
distal portion remained turgid and sometimes continued growth for a 
considerable time. If the stem were removed above the ground level and 
put into eosin solution, this travelled readily over the dead tissue. That 
the vessels were not occluded by protein plugs is shown by the fact that 
particulate substances were carried up the xylem tracts past the dead 
region. 

No evidence of adsorption of the virus agent to the cell remains could 
be adduced, so it is assumed that it was not travelling in the xylem stream. 
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From previous experiments, it is known that the movement of metabo¬ 
lites and of stains tends to be localised to the side of the plant into which 
they are introduced. It was found that inoculation with juice of diseased 
plants caused systemic infection in all the treated plants. There was no 
apparent localisation of movement such as would have been expected 
had it been taking place through the vascular system. From this, and 
from other evidence in the literature, it is concluded that movement 
takes place in the living ground tissue of the plant. 
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EXPLANATION OF PLATE XXXIII 

In this plant the stem at one internode had been “ steamed.” Subsequent to inoculation 
below symptoms appeared on the lower part of the plant while the upi)er part remained 
healthy. 
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THE ROLE OF THRIPS TABACI LTNDEMAN IN 
THE TRANSMISSION OF VIRUS DISEASES OF 

TOMATO 

By BHYLLTS H. JARRETT, M.Sc. 

{Frow the Department of Mycology^ Rothanisted 
Experimental Station, Harpenden,) 

Introduction. 

The role of insects in the transmission of virus diseases of plants has 
long been recognised, but there is still uncertainty concerning the vectors 
of the virus diseases of tomato. White fly, Triaknrodes vaporariorirm 
West, does not appear to transmit these diseases, Gardner and Kendrick (3) 
regard plant lice and flea beetles as possible carriers, while 01it8ky(B) 
gives evidence of transmission of tomato mosaic by the “mealy'' bug, 
Psexidococcus citri. Vanterpool(i2) was able to demonstrate the trans¬ 
mission of tomato streak by aphides, but the latter writer does not give 
any details of the experiments or the insects used. 

Many of the insects transmitting virus diseases belong to the order 
Homoptera, and possessing sucking mouth-parts to penetrate tiie plant 
tissues and feed on its juices, they would appear to be natural vectors of 
virus diseases. The possession of similar mouth-parts by members of 
the order Thysanoptera, and their prevalence both in the field and in 
glasshouses, has directed susphion to these insects as possible vectors 
also. On account of their minute size and their habits they are difficult 
to control by insecticides and, therefore, are usually to be found in other¬ 
wise insect-proof glasshouses. In spite of these features they are not 
regarded as vectors by most workers and it was not until Pittman (9) 
obtained transmission of “spotted wilt'* of tomatoes with Thrips tabaci 
Lindeman in Australia that serious attention was attracted to them. 
Schaffnit(io) mentioned Thrips tabaci Lindeman as a possible vector of 
mosaic diseases of beet and spinach, and B(*)ning(i) regarded Thrips 
Jlavus Schrank as a possible vector of bean mosaic, but neither case has 
been confirmed. 

The experiments described in this paper were carried out with Thrips 
tabaci Lindeman and virus diseases affecting tomatoes. 
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Material and methods. 

(1) Soyrce of insects. 

These were obtained from a commercial glasshouse where they were 
found in large numbers on virus-free cucumber plants. Subsequently 
they were cultured on healthy tomato plants. 

( 2 ) Source of plants. 

The tomato plants of Kondine Red variety used in these experiments 
were grown from seed under conditions as nearly insect free as is possible 
in an insect-proof glasshouse which was fumigated regularly. The plants 
were young and rapidly growing at the time when the infected thrips 
were placed on them. 

(3) Source of viruses. 

The viruses employed were from various sources, and each had been 
filtered through Pasteiir-ChamberlandL. 1 and L. 3 candles previously and 
artificially inoculated with a needle into successive series of tomato plants. 

(i) Tobacco mosaic (- - Tobacco virus 1 (7)). This came from Dr Grainger 
of Ijeeds University who obtained it from Dr Johnston of Wisconsin 
originally. 

(ii) (tlasshouse sfreal\ The source of this inoculum was a commertdal 
glasshouse. The plants showed tin* irregular, dark, necrotic lesions on the 
stems, petioles and leaves characteristic of the disease streak or stripe. In 
addition, the younger ]eav(‘s of the plants showed the coarse mottle or 
mosaic usually associated with necrotic symptoms in streak. The virus 
producing this mosaic has been shown ( 6 ) to be indistinguishable from 
tobacco virus. 

(iii) Potato mosaic. The virus of potato mosaic which produces 
regular, necrotic spotting on the leaves of tomatoes, as described by 
Henderson Smith(ri), was used in combination with {a) tobacco virus J, 
and ( 6 ) the filtered extract of plants inoculated with glasshouse streak 
but showing the mosaic only. Doth combinations produce a severe 
disease which is here termed experimental streak, in order to distinguish 
it from glasshouse streak, from which it differs mainly in the regularity 
and case with which it can be transmitted by needle inoculation. 

(4) Methods. 

Young tomato plants growing in 6 -inch pots were artificially inocu¬ 
lated with a needle about 10 days before each experiment, in order to 
provide a source of infection from which to infect the insects. A hurricane 
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lamp-glass chimney was placed over each plant, the base being firmly 
implanted in the soil, and the top covered securely with a piece of fine 
silk, thus forming an insect-proof chamber. Each plant was kept in its 
chamber while the thrips were colonised on it. 

In each experiment, a certain number of insects were placed on in¬ 
fected plants and left to feed for varying periods of time, and then the 
insects were transferred to healthy plants in similar insect-proof chambers. 
This transfer had to be effected with great care, and to prevent any in¬ 
fected juice from broken hairs, etc. being carried over by the brush, with 
the insect, to the healthy plant. In order to eliminate this mechanical 
means of infection, the insects were taken off the infected plants with one 
camel-hair brush, placed in a petri dish, which was lined with black 
blotting paper so that the insects could be seen clearly and, with another 
clean brush, the desired number of infected insects were transferred to 
the healthy plants. After the insects had fed for the required time, the 
lamp glasses were taken off and the insects carefully removed from each 
plant, which was also sprayed with nicotine and soft soap. 

In order to prove that the insects themselves were not carrying any 
disease from their source, suitable controls were set up with healthy 
tomato plants. In the second and third experiments, controls were also 
made to test the second series of brushes used in transferring the infected 
insects to the healthy plants. This was done by rubbing each brush over 
the young leaves of healthy tomato plants, different brushes having 
been used for each virus. 


Details of experiments. 

I. 7. V. 29. Fifty images and 50 nymphs were colonised on each 
infected plant for 7 days, and then varying numbers were transferred to 
healthy plants for a similar period. 

No. of infecU^d thrips 
No. of plants on each healthy plant 


Inoculum 

r 

Infected 

Healthy 

Imagos 

Nymphs 

Infection 

Tobacco mosaic 

2 

2 

(1) 1(( 

(2) — 

11 

Nil 

Glasshouse streak 

2 

2 

(1) 17 

(2) - 

6 

-• 

Glasshouse streak showing 
mosaic symptoms only 

2 

3 

(1) 15 

(2) 12 
(3)- 

13 


Experimental streak, No. 2 

2 

2 

(1) 13 

(2) - 

4 
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II. 16. V. 29. Two hundred images were colonised on each infected 
plant for 6 days, and then varying numbers were transferred to healthy 
plants for a similar length of time. 


Inoculum 

No. of plants 

Infected Healthy 

No. of in¬ 
fected thrips 
• on each 
healthy plant 

Infection 

Tobacco mosaic 

2 

2 

(1) 25 

(2) IG 

NU 

Qlasshouso streak 

2 

2 

(1) 25 

(2) 15 

»• 

Glasshouse streak showing 
mosaic symptoms only 

2 

2 

(1)26 
(2) 19 

>» 

Experimental streak. No. 1 

3 

2 

(1) 25 

(2) 12 

9f 

Experimental streak. No. 2 

4 

3 

(1) 25 

(2) 15 

(3) 9 

»* 


III. 23. V. 29. Two hundred imagos were colonised on each infected 
plant for 5 days, and then a definite number were transferred to each 
healthy plant for 9 days. 



No. of plants 

No. of thrips 
on each 


Inoculum 

Infected 

Healthy 

healthy plant 

Infection 

Tobacco mosaic 

o 

3 

(1) 35 

(2) 25 

(3) 15 

Nil 

Glasshouse streak 

2 

3 

(1) 35 

(2) 25 

(3) 15 

n 

Experimental streak, No. 1 

4 

3 

(1) 3r, 

(2) 25 

(3) 16 

•> 

Experimental streak. No, 2 

4 

3 

(1) 35 

(2) 26 
(3) 16 



Experimental streak. No. 1, was produced by combining the virus of 
potato mosaic in tomato, and tobacco virus 1. 

Experimental streak, No. 2, was produced by combining the virus of 
potato mosaic in tomato, with the filtered extract of plants inoculated 
with glasshouse streak, but showing the mosaic only. 

The number of healthy plants colonised with infected insects was low 
in each series, on account of the high mortality after the insects were 
transferred from cucumber to diseased tomato plants. The large area of 
necrotic tissue on the leaves of plants inoculated with forms of streak 
probably accounted for the death of the less active insects placed on these 

29-^2 
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plants. The mortality of the infected thrips after their transference to 
healthy tomatoes was low. 

That the insects had fed readily on both the diseased and the healthy 
plants was shown by the number of white areas on the leaves where the 
epidermis had been punctured. 

SiimmaTy of in sect conlrols. 


No. of thrips No. of 

per plant days on 


Control 

No. of 
plants 

^ - 

Imagos 

- , 

Nymphs 

each 

plant 

Infection 

Experiment 1 

5 

50 

50 

14 

Nil 

Experiment II 

5 

100 

— 

12 

» 

Experiment III 

5 

1200 

•— 

14 

ff 


In each of the above controls, the insects were colonised on young 
healthy plants showing three or four leaves, and enclosed under lamp 
glasses for a period of time equal to the duration of the corresponding 
experiment. 

After the insects of each series in Exps. II and III were transferred 
from infected to healthy plants, the second ])rush used in tlie transfer 
was firmly rubbed over the young leaves of two healthy tomato plants. 
None of these plants developed any signs of disease, tlK'ndore w(* may 
conclude that no infection was carried on these brushes. 

In the following table, the numbers of healthy plants used in ilw 
above experiments are grouped together according to the inoculum from 
which the infected insects colonised on tJuun were derived. 


ExjKTiment 

Tobacco 

mosaic 

Glasshouse streak 
showing 

Streak and Mosaic 

mosaic oJiJy 

Expori mental streak 

No. 1 No. 2 

No. I 

2 

2 

3 

— 

2 

No. 11 

2 

2 

2 

2 

3 

No. Ill 

2 

3 

— 

3 

3 

Total 

7 

7 

5 

5 

8 


Thus seven plants were colonised with thrips from plants inoculated 
with tobacco mosaic alone, and five from plants inoculated with tobacco 
mosaic combined with potato mosaic (=* experimental streak, No. 1). In 
none of these cases was the virus transmitted, so that there are twelve 
cases of failure to transmit tobacco mosaic. 

Seven plants were colonised with thrips from plants inoculated with 
glasshouse streak showing both typical necrosis and the mosaic, five with 
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thrips from plants inoculated with glasshouse streak but showing the 
mosaic only, and eight with thrips from plants inoculated with the latter 
combined with potato mosaic (==-- experimental streak, No. 2). Again 
there was no transmission, that is there were twenty cases of failure to 
transmit the virus of glasshouse streak. 

If streak is a severe form of tobacco mosaic in tomatoes (G), then there 
are, in all, 32 (12 and 20) cases of failure to transmit tobacco virus I, 

Five plants were colonised with thriy)8 from plants inoculated with 
potato mosaic combined with tobacco mosaic (— experinnnital streak, 
No. 1), and (‘ight with thrips from plants inoculated with potato mosaic 
combined with the extract of plants inoculated with glasshouse streak 
but showing the mosaic only (=^ experimental streak. No. 2). As there 
was no (jase of transmission, there are 13 failures to transmit potato 
mosaic in tomatoes. 


Discussion. 

The failure of the above experiments to demonstrate transmission of 
these viruses is somewhat surprising, when one considers that Pittman 
readily obtained transmission of ‘'spotted wilf' of tomatoes in Australia, 
using only three to five nymphs per plant. 

It is, of course, jiossible that the Australian disease, ‘‘Spotted Wilt,'* 
is not identically tlie sanu* disease as English streak, for neither Brittle- 
bank (2), Hamblin (U nor Pittman (O) has succeeded in transmitting 
“spotted wilt*’ by artificial inoculation of extracts from diseased into 
healthy plants. On the other hand, Brittlebank(2) comdudes that 
“spotted wilt’’ in Australia is probably identical with winter blight of 
tomatoes in America, as described by Selby (ii), and Vanterpool also 
regards these diseases as identical. The American disease corresponds in 
all f)articulars to the streak or stripe found in England. From personal 
observation of “spotted wilt’’ in Australia, the writer regards the disease 
as indistinguishable from the English disease. The comparison of tlnvse 
diseases is made purely on symptoms, and it is recognised that symptoms 
alone are not a safe basis for identification, but as yet no otlier criteria 
are available in the case of “spotted wilt.” 

Again, it is possible that the insect, TIrrips (abaci Lindeman, used by 
Pittman was of different straifl and habits to the English insect of the 
same identification used in these experiments. Moreover, the conditions 
such as light, temperature and humidity under which these experiments 
were conducted may not have been favourable to transmission of the 
disease by the thrips, although they feed freely on the plants. It is clear 
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that Thrips tabaci does not transmit virus diseases of tomato under all 
conditions. 

However, one positive result such as that of Pittman is of more value 
than many negative ones, and if it cannot be repeated, either the con¬ 
ditions or the materials with which it was obtained have not been 
completely reproduced, or it is due to unnoticed factors which can only 
be detected in repetition of experiments. 

SUMMABY. 

A description is given of experiments designed to show the r61e of 
Thrips tahad Linde man in the transmission of tomatoes. 

The diseases tested were tobacco mosaic and glasshouse streak singly, 
and the viruses of each of these two combined with a potato mosaic virus 
to give a disease termed experimental streak. 

The source of the materials used and the methods employed are 
described in detail. 

In no case was transmission of any of the viruses recorded, although 
the insects had fed freely on all the plants. It is concluded that Thrips 
tabaci does not transmit virus diseases of tomatoes und(ir all conditions. 
The importance of this insect as a vector of these diseases in (‘-ommercial 
glasshouses in England is therefore doubtful. 
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I. Intro inJC’TiON. 

Although it is now usually accepted that degeneration in potatoes is 
largely—if not entirely—due to the aecumulation of virus-infected 
plants in the crop, there has been no critical work published, so far as the 
; writer is aware, which shows the degree of relationship between the pro- 
, gressive reduction in yield of potato stocks and the incidence of infection 
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I with virus diseases. This relation can be studied either by proving the 
absence of degeneration so long as infection is excluded from the crop, 
or by determining the correlation between loss in yield and the amount 
of virus disease when stocks are allowed to degenerate “naturally.” The 
former method cannot properly be used until it is shown that perfectly 
healthy crops can be produced and maintained for a number of years. 
The latter method, however, is comparatively straightforward, and has 
been used by the writer with stocks of the varieties Kerr’s Pink and 
Great Scot maintained by the Department of Agricultiin* of this (College 
for periods varjdng from one to seven years without change of seed. The 
incidence of virus diseases and the cropping power were studied each 
year and, finally, chequerboard trials were laid down in 1920 in the case 
of the Kerr’s Pink, and in 1927 with Great Scot. It is the main purpose 
of this paper to discuss the factors affecting the rate of degeneration in 
these stocks of potatoes. 

II. Chequerboard trial with Kerr’s Pink. 

In 1920 there were available for planting, once, twice, thrice, etc., 
up to six times grown seed, together with new Scotch seed from a re¬ 
liable grower in Banffshire, obtained in tlu^ autumn of 1925 and boxed, 
so as to make them in every way comparable with the home-saved seed. 
The seed boxes were k('pt under close observation during the wiiitcn* and, 
although no aphis inhistation occurred in storagi*, the additional pre¬ 
caution was taken to fumigate at frequent interv’^als with nicotine dust. 
The stocks kept well and there was little loss from storage diseastss. 
Before planting, all tubers w^erc graded into ware, seed and chats, by 
passing them over ll inch and Ij inch riddles, and then again sorted 
according to W(ught, so that the sets were finally grouped into ware 3 
to 4 tubers to the pound, seed ~ 6 to 8, and chats -- 12 to Hi tubers to 
the pound. The tuber classes in any year class thus agreed, within fairly 
close limits, both as to size and weight, with those of the other year 
classes. The unit plot consisted of 56 tubers planted 15 inches apart in 
two rows of 28 tubers each. Sev^n replications of unit plots in each tulxT 
and year class were “randomised” so that each year class occurred once, 
and only once, in either a north-south belt of plots, or east-west belt: the 
object of course being to minimise as far as possible any effect of soil 
variation on the yield, or on foliage symptoms of virus diseases. The whole 
trial was surrounded by a crop of new Scotch Kerr’s Pink in order to 
eliminate marginal effects. The plots were planted on May 3rd 5th, and 
were lifted on October J8th-23rd. Rain fell almost continuously during 
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the lifting period and each east-west belt was raised in turn, the weights 
being taken only after the tubers were dried and the soil removed in the 
process of “ sorting/* 


(a) Variation in soilfertiliiy. 

Although the ground occupied by the trial was as uniform as could 
be found, it sloped upwards from north to south, and it was necessary 
to see if any appreciable drift in fertility could be demonstrated. No 
such drift, however, could be detected in tables constructed to show the 
mean yields of all the plots in either the north-south belts or east-west 
belts. The trial ground was, therefore, regarded as sufiSciently uniform 
for a statistical examination of the yields. The mean of the seven unit 
plots in each year or tuber class was regarded as representative of the 
cropping power of its class, the standard of accuracy being measured by 
the magnitude of the probable error of the mean peld, arrived at by the 
method of ‘‘least squares.^* These mean yields are given in Table I. 


Table 1. 

Viold 


Year 

cloHS 

Tuber 

eloAH 

Mean 

yield 

db.) 

Mean no. 
misses 

corrected 
for misriOR 
(lb.) 

r.E. 

of mean 

A 

lb. 

/o 

1920 

Ware 

720 

5*9 

80*2 

2*1 

2*6 

1921 

„ 

980 

3*9 

105*2 

1*0 

1*0 

1922 


91-7 

3 7 

98 2 

1*87 

1*9 

1923 

99 

89-9 

4-0 

96*8 

1*95 

20 

1924 

99 

1100 

23 

121*2 

1*8 

1*4 

1925 

99 

119*7 

2*0 

124*5 

3*8 

3*05 

1920 


131*0 

2*0 

130 3 

3*0 

2*10 

1920 

Seed 

59*4 

0*4 

00*8 

1*37 

2*05 

1921 


85* 1 

4*1 

91*0 

1*81 

1*97 

1922 

»» 

82*0 

5*0 

91 *0 

2*32 

2*53 

1923 


80*1 

3*0 

85*4 

1*22 

1*44 

1924 

»» 

lOM 

3*0 

107*0 

3*05 

2*85 

1925 

»» 

102*3 

1*7 

105*7 

3*52 

3*33 

1920 

ff 

116*4 

2*1 

121*4 

3*6 

2*9 

1920 

Chats 

43*3 

10*0 

51*7 

4*55 

8*8 

1921 

** 

08*6 

4*9 

74*9 

1*73 

2*31 

1922 

»» 

03*0 

4*1 

67*8 

3*19 

4*7 

1923 


67*0 

4*9 

73*8 

2*03 

276 

1924 

ff 

88*1 

2*0 

92*4 

2*34 

2*53 

1925 

ff 

95*4 

2*0 

98*9 

4*52 

4*57 

1920 

ff 

109*4 

1*4 

112*3 

1*20 

M2 
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(6) Correction for ^'misses, 

Although care was taken to remove from the seed boxes all tubers 
affected with sprout-destroying diseases, a number of tubers, when 
planted, failed to produce plants. These “misses’’ must in some way be 
allowed for in calculating yields, since their number varied from plot to 
plot. Tables II and III give the mean number of misses occurring in 
belts taken respectively from north to south and from east to west across 
the trial. 

Table IL 

Mean nnmher of misse.^ in each l)elt of plots from north to south. 


Belt 

1 

2 

3 

4 

5 

0 

7 

Ware 

4*7 

3*4 

3-7 

3-9 

2'4 

2*7 

3*3 

8c»ed 

2-7 

20 

41 

4-9 

3-9 

4*7 

4*3 

Chate 

2*7 

2-9 

50 

4-7 

4'7 

5*3 

3 0 




Table III. 




Mean number of 

7 uisses in each belt of plots from east 

to rvest. 

Belt 

A 

B 

G 

I) 

E 

F 

G 

Ware 

30 

3*4 

3-9 

30 

20 

4*3 

43 

Seed 

2-4 

3-4 

3-7 

30 

41 

5*4 

4*4 

Chats 

3-7 

50 

41 

20 

4*5 

3*9 

6*0 


The distribution of the misses is apparently quite haphazard, and the 
number does not vary much in the three tuber classes. Keferenco, how¬ 
ever, to Table I shows clearly that in all tuber classes the number of 
misses becomes progressively greater as the stocks get older. Possibly 
a few misses were due to rooks, but these would affect all years alike, so 
that the gradual increase of misses in the older stocks must be attributed 
to an intrinsic character of the tubers themselves. Any correction, there¬ 
fore, must be based on the average yield of the remaining plants in the 
unit plot, for the potential value of a miss in a plot with a liigh average 
yield is greater than tliat of a miss in a plot giving only a low average 
yield per plant. Stewart (6) calculated that 50 per cent, of the loss due 
to a single miss was made good by the increased growth of the two neigh¬ 
bouring plants, but Salaman(4) found it necessary to assume that the 
adjoining plants were unable to benefit at all from the larger growing 
area due to the occurrence of a miss, and he corrected for such misses by 
adding to the total yield the average per plant for each miss. During the 
present work a note was taken of the position of each miss, but the data 
could not be used to compare the accuracy of the 50 and JOO per cent. 
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replacement methods, since very few unit plots had a complete stand of 
plants, and an entirely unknown factor was introduced by the variable 
number of virus-infected plants occurring in the different plots. The 
wholly arbitrary correction of allowing 100 per cent, replacement, there¬ 
fore, has been followed in this trial. 

Table I gives the mean yield of each set of seven unit plots corrected 
on this pro rata basis, together with the probable errors. It is to these 
corrected yields that reference is made in the following pages. 

(c) Discufisio7i of yield results. 

Total yields. In comparing the yields from the various year classes, 
differences have only been regarded as significant when they exceed the 
probable error of the difference of the mean by at least three times. 
These differences in yield, in pounds, are given for the “ware’’ tuber 
class in Table IV, the years being arranged in order of decreasing yield 



and the significant differences being shown in heavy type. Entirely 
similar tables have been constructed in the “seed” and “chat*’ tuber 
classes, but are omitted to save space. 

It is clear that the stocks can be divided into a high yielding group 
(1926, 1925 and 1924) and a low yielding group consisting of the four 
older stocks, corresponding more or less with the agricultural practice 




Table IV. 

Kerr’s Pink. Significance of difference m gield and virus infection with ware sets. 
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of changing the seed every two or three years. If the crop from the new 
Scotch (1926) tubers is represented by 100 and that from the other stocks 
expressed as percentages of this, the gradual deterioration is as shown in 
Table V. 


Table V. 

Percentage reduction in total yield in 1926 from the three tuber classes. 


Year in which stocks were obtained from Scotland 


Tubers 

planted 

192<) 

1925 

1924 

1923 

1922 

1921 

1920 

Ware 

0-0 

8-7 

IM 

29-0 

28-0 

22'8 

41-2 

Seed 

00 

12*9 

11-9 

29-6 

24-6 

240 

450 

Chats 

00 

11-9 

17-7 

34-3 

39*6 

33*3 

540 


In the younger stocks the deterioration does not appear to have been 
affected by the size of tuber planted, but in the older ones the chat sets 
have certainly produced a poorer crop relative to new Scotch chats than 
either the seed or ware sets. The same point is brought out in Graph 1. 

The significance of these differences in yield can be summarised as 
follows: 

(1) The yield from all the 1920 tuber classes was significantly less 
than that from any other stock. 

(2) All tuber classes of 1921 stocks gave significantly higher yields 
than 1920, and definitely less yields than 1924,192*5 and 1926. The yield 
from planting seed or chats was as good as from the same tuber classes 
of the 1922 and 1923 stocks, whilst the ware sets gave a significantly 
greater yield than either 1922 or 1923. This relatively high yield of the 
1921 tuber classes is of particular interest, and will be referred to later. 
It is, in itself, sufficient evidence that mere continued saving of home¬ 
grown seed is not a complete explanation of degeneration. 

(3) The 1922 seed and chat sets produced as good a crop as that from 
the 1921 and 1923 stocks, but the ware was definitely inferior to the 1921 
ware. All tuber classes were significantly poorer than 1924, 1925 and 
1926, and better than 1920, 

(4) The 1923 stocks were no better yiclders than the 1921 or 1922 
stocks when seed or chats were planted, and with ware a definitely 
smaller yield was obtained as compared with 1921. All stocks, however, 
were significantly better than 1920, 

(5) All the tuber classes of the 1924 stocks gave as good a yield as 
the 1925 stocks. They cropped better than any of the older year classes 
but were significantly poorer than 1926. 
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(6) The 1925 stocks were no better than the 1924. When compared 
with 1926 there was no significant difference in yield when ware sets 
were used, but with seed-size sets the 1925 stocks were definitely in¬ 
ferior, and possibly also with chats since the difference in yield was very 
nearly three times (i.c. 2*85) the probable error. 

(7) With the exception of the 1926 ware sets, and possibly also the 
1925 chats, all the tuber classes of the new Scotch stocks were significantly 
better than any of the home-saved stocks. 

{d) Effect of ''oge’' of stocks on the size of tubers produced. 

The percentage of ‘‘ ware,’’ i,e, tubers retained by a 11 inch mesh, pro- 
ducked when each of the three tuber classes was planted is given in 
Table VI. 

Table VI. 

Mean 'percentage of ware tubers in crop from, each year 
and tuber class. 


Yoar 

class 

Ware 

planted 

P.E. 

Seed 

planted 

P.E. 

Chats 

planted 

IMC. 

11>20 

62-2 

1 (5 

674 

25 

58-1 

2-9 

1921 

59-2 

2*25 

004 

1-6 

61 4 

24 

1922 

55*9 

200 

03*2 

1*7 

62*3 

M 

1923 

68 1 

1 7 

02 4 

2*8 

08*2 

10 

1924 

690 

2*8 

02*8 

1-9 

07*5 

25 

1925 

00-6 

24 

051 

21 

05*9 

2-3 

1920 

07-1 

249 

08-1 

2-8 

71-2 

304 


There was a very suggestive tendency for the stocks to produce a 
smaller proportion of large tubers in the crop the longc^r they were main¬ 
tain'd on the College Farm. Owing, however, to the variability in this 
respeckt in the crop from the separate unit plots—reflected by the somc‘- 
wliat high probable error—^the only significant differences brought out 
by the trial are als follows: 

(1) When ware sets were planted, the 1926 stocks gave a higher 
percentage of ware in the crop than the 1920, 1922 and 1923 stocks. 

(2) When seed sets were planted, none of the differences in the 
amount of ware could be regarded as significant. 

(3) The chat sets of the 1926 and 1923 stocks gave a higher percentage 
of ware than 1920. The 1923 chats were also superior in this respect than 
the 1922 stocks. On the other hand, owing to the high probable error of 
the difference of the means, there was no proof that the still greater 
difference between the amount of ware produced by the 1922 and 1926 
chats was a significant one. 
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On the basis of 10 lb. samples drawn from the crops, Salaman(4) con¬ 
cluded that “the proportion of useful heavy ware in a crop bears a very 
definite and close inverse relation to the weight of the seed tuber,” 
although elsewhere in his paper he qualifies this by the statement that 
the relation is not an absolute one. In the present work the probable 
errors were much higher than with Salaman, but the possibility of errors 
due to sampling were, on the other hand, avoided by analysing the whole 
crop in each case. TTiider these conditions the difference in the amount 
of ware produced by chat and ware sets respectively is, in most cases, 
not a significant one. The consistency, however, with which the small 
sets produced a rather higher proportion of ware than did the large sets, 
as is shown in Table Yl, certainly supports Salaman’s conclusion. 


III. Cheqtterboari) trial with Great Scot. 

In 1927 a similar trial was laid down with the variety Great Scot, of 
which seven different year classes of stocks were then available. The 
same general method was adopted as with Kerr’s Pink, but there were 
some differences in detail. After grading the tuber sets by size, they 
appeared so uniform in weight that the grading by weight was omitted. 
The unit plot consisted of single rows of sixty tubers each, and the plots 
were randomised in seven replications, in one of which the year classes 
were in “chronologicar’ order. The different tuber classes were separated 
as distinct trials with the same order of plantiiig. Tests of soil variation 
revealed no appreciable drift in fertility. The same method of correcting 
for misses in the unif. plots was used as in ]92fi, the mean number of these 
misses being given for each tuber class in Tables Vll and VIll. 


Table VII. 


Mean number < 

{f winaes in each belt of plots from north to 

south. 

Belt 

1 

2 

3 

4 

5 

6 

7 

Ware 

:m 

2-1 

17 

0'9 

33 

1-4 

2*9 

Seed 

3*6 

21 

21 

2*0 

2*1 

21 

1-9 

Chats 

31 

5-3 

27 

3-4 

3-4 

4-7 

3-6 




Tabic VIII. 




Mean 

number 

of misses 

in each belt of plots from east to 

west. 

Belt 

A 

B 

C 


E 

P 

G 

Ware 

2-3 

31 

M 

20 

2-6 

2*3 

20 

Seed 

21 

2*6 

30 

3-6 

1-7 

1*4 

20 

Chats 

31 

5-6 

2-9 

31 

4*4 

3*9 

3*3 
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There is no great difference in the mortality of the sets in the tuber 
classes and, as with the variety Kerr’s Pink, it is obvious that the misses 
are not affected to any extent by causes other than some inherent 
character of the tubers themselves. 

Table IX, Column 4, gives the occurrence of misses in the various 
year and tuber classes and, while not so evident as with Kerr's Pink, the 
figures show a definite increase in the older stocks. 

The planting of the trial occupied from April 25th-28th, and each 
series or belt was completed in one day. The crop was raised between 
September 20th and 27th, the delay being occasioned by intermittent 
but heavy rain. The whole of any one series was lifted in one day, but 
some series were necessarily raised when the tubers were wet and others 
when they were fairly dry. In order to correct, as far as possible, for this 
difference in the condition of the crops on lifting, the mean yield of all 
the year classes in a series or belt was taken to 100, and the actual 
yields of the unit plots were then expressed as a percentage of this mean 
yield. Table IX gives the mean actual yields, the yields corrected for 
misses in the same way as in 1926, and finally again corrected for this 


Table IX. 


Year 

class 

Tuber 

class 

Mean 

yield 

(lb.) 

Mean 

Yield 

corrected for 

_ K __ 

Mean p.e. of 

__ 

Mean % 
leaf-roll 

Mean % 
total 
virus 
disease 

misses 

r 

misses 

-\ 

lifting 

t - 

lb. 

-% 

/o 

1921 

Ware 

74*9 

34 

79-3 

81-6 

1-39 

1-7 

44-1 

44-1 

1922 


71*9 

2-1 

74-7 

76-6 

1-58 

2-1 

40 1 

46 1 

1923 


77-0 

4-4 

83-7 

85-3 

2 75 

3-2 

37-1 

37-6 

1924 

»» 

1020 

M 

104 1 

107-1 

1-67 

1-4 

9-7 

9*7 

1925 

ft 

1061 

M 

108-0 

111-2 

2-19 

1-9 

7-2 

7-2 

1926 

ft 

110-3 

1-6 

112-9 

116-1 

2-11 

1-8 

14 

1-4 

1927 

ft 

116-0 

1-6 

118-9 

121-9 

1-35 

1-1 

0-0 

0-0 

1921 

Seed 

71-7 

3-0 

75-6 

80-7 

1-75 

2-2 

65-2 

56-4 

1922 

ft 

69-1 

2-1 

71-7 

76-7 

1-72 

2-2 

64-8 

65-8 

1923 

ft 

75-7 

3-1 

78-3 

83-3 

2-88 

3-4 

44-8 

46-7 

1924 

ft 

96-4 

3-4 

102-1 

109-1 

1-74 

1-6 

13-0 

14-0 

1925 

ft 

103-3 

20 

lOG-8 

114-0 

1-77 

1-6 

10-8 

11-6 

1926 

„ 

106-9 

1-9 

110-2 

118-0 

3-59 

3-0 

2-9 

34 

1927 


1100 

0-4 

110-9 

118-0 

2-42 

2-0 

0-0 

0-0 

1921 

Chats 

61-9 

6-7 

69-7 

76-3 

2-40 

3-1 

47-8 

55-9 

1922 

1* 

62-1 

4-1 

66-6 

72-7 

1-21 

1-7 

64-2 

60-1 

1923 

ft 

68-1 

4-7 

74-1 

80-8 

1-42 

1-7 

43-4 

61-2 

1924 

ft 

92-7 

50 

101-6 

110-5 

2-12 

1-9 

13-4 

27-1 

1925 

tf 

94-1 

3-3 

99-8 

108-9 

2-39 

2-2 

14-1 

17-6 

1926 

t* 

108-3 

1-4 

111-0 

120-8 

3-05 

2-5 

2-7 

3-4 

1927 

tf 

116-9 

1-0 

119-0 

130-0 

2-53 

1-9 

0-0 

00 
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'‘lifting’’ error, so that the magnitude of these corrections can be noted. 
In the following pages any references to “yield” are to those as finally 
corrected in Column 6 of Table IX. 

(u) Discussi(tn of yield results with (treat Scot. 

Total yields. The distin(‘tioii between the high and low yielding groups 
of stocks is even more marked than with the variety Kerr’»s IMnk. It is 
of interest to note that only the three oldest stocks show a heavy loss, 
or, in other words, degeneration has been slower with Great Scot than 
with Kerr’s Pink. Tliis fact is brought out still more clearly in Table X, 
which gives the loss in each year and tuber class expressed as a per¬ 
centage of the yield from the new »Scotch stocks. 

Table X. 

Percentage reducfiou in total yield in 1927 from the three tnher classes. 


Tubers 

planted 


Year stocks wore obtained from Seotland 


19:27 

192(i 

1925 

1924 

1923 

1922 

1921 

Ware 

0-0 

4-8 

8-8 

12-2 

30-1 

37-2 

34-7 

Seed 

00 

00 

3-4 

7'6 

294 

350 

31 0 

Chats 

0-0 

71 

16-2 

16-0 

.37*8 

44* 1 

41*3 


The rate of deterioration is clearly not dependent on the size of tuber 
planted for, as Table X show^s, the loss from the seed sets lies betwt^m 
that from ware and chats. 

As in the case of the Kerr’s Pink trials, tlie significance of th(^ differ¬ 
ences in total yield in the various y(‘ar classes has been worked out for 
each class of tuber planted, with closely similar results. To sav(* space, 
these arc given in Table XI for one tuber class only; the year classes 
being arranged in order of decreasing yield and the significant diffcu’tuices 
being shown in heavy type. The results of all tuber classes can be 
summarised as follows: 

(J) All the 1921 tuber classes gave as good a yield as the 1922 and 
1923 stocks, but were significantly poorer than 1924, 1925, 1926 and 
1927. The parallel with the 1921 stocks of Kerr’s Pink is of particular 
intercist. 

(2) The 1922 ware and seed sets produced as good a yield as the 1921 
and 1923 stocks, but the chats were inh^rior to the 1923 chats. All tuber 
classes gave significantly poorer yields than 1924, 1925, 1926 and 1927 
stocks. 

(3) All the 1923 tuber classes were inferior to any of the younger 



Table XI. 

Great Scot. Significance of differences in yield and virus infection with seed-size sets. 
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stocks. The chats gave a better yield than the 1922 chats, but otherwise 
the 1923 stocks were no better than 1922 or J921. 

(4) The 1924 stocks were as productive as the 1925 and the chats 
equalled the I92(> chats in yield. Otherwise the 1924 stocks were signifi¬ 
cantly better than older stocks and poorer than younger ones. 

(5) There was no significant difference in the yields from the 1925 
seed and from 1927,192() and 1924, but the ware and chats were definitely 
poorer than the 1927 stocks and as productive as the 1926 and 1924 
stocks. All tuber classes were superior to 1923, 1922 and 1921. 

(6) All tuber classes of the 1926 stocks gave the same yield as from 
the 1927 and 1925 stocks, whilst the chats were no better than the 1924 
chats. All stocks were superior to 1923, 1922 and 1921, and the wwe and 
seed gave a better yield than the 1924 stocks. 

(7) The 1927 (new Scotch) stocks w^ere definitely superior to 1924, 
3923, 1922 and 3921, and the ware and chats gave a better yield than 
1925. There was no significant difference in yield between the 1927 and 
1926 stocks, nor between the seed of 1927 and 1925. Otherwise the new 
Scotch stocks gave a better yield than any of the older ones. 

(b) Effect of of stocks on the size of tubers 'produced. 

As with the variety Kerr’s Pink, an effort was made to determine 
whether the ‘‘age*’ of the stock planted had any appreciable effect on 
the proportion of large tubers in the crop, and also whether this propor¬ 
tion was affected by the size of tuber set used. Table XII gives the mean 
percentage of ware tubers produced in each of the year and tuber classes, 
as well as the mean probable error in each case. 

Table Xll. 

Mean percentage of ware tubers in crop from each year and tuber class. 


Year 

claas 

Ware 

planted 

P.E. 

8ced 

planted 

2\B, 

Chats 

planted 

r.E. 

1921 

54-2 

0*68 

94*7 

1*45 

64*5 

1*05 

1922 

61-5 

0*80 

92*4 

1*93 

71*4 

1*70 

1923 

58*7 

1*44 

97*3 

1*98 

72*1 

1*88 

1924 

60*9 

1*49 

71*2 

0*54 

77*7 

1*23 

1925 

68*2 

1*20 

72*9 

0*79 

79*0 

1*17 

1929 

93*8 

1*27 

99-8 

1*59 

81*1 

0*84 

1927 

54*9 

1*95 

66*9 

1-45 

79*1 

1*47 


The only differences in the proportion of ware in the crop which can 
be attributed to the age of the stock occurred when chat sets were 
planted, the three youngest stocks producing a definitely larger pro- 
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portion of ware than the three oldest stocks. On the other hand, a com¬ 
parison, year by year, of the proportion of ware from ware sets and chat 
sets, respectively, gives a significantly higher figure each time in favour 
of the chat sets, thus fully confirming Salaman’s conclusion (4). 

IV. Occurrence op diseases in the Kerr’s Pink 
AND Great Scot trials. 

Apart from virus symptoms no disease attacked either variety to any 
serious extent. Blackleg (lis. phytojMhoDin) and Collar Phingus or Stem 
Canker (Corf/iciinn solmri) attacks were negligible. Blight (PlnjtojMhora 
itifesfans') appeared late in both seasons, and there was rather less rotting 
of the tubers than customarily occurs in North Wales. No appreciable 
difference in the intensity of attack of any of these three latter diseases 
was found in the various year classes, but with virus diseases the differ¬ 
ences in degree of infection were very marked. 

(a) Definitions of virm diseases ohsewed. 

One of the chief difficulties met with in virus disease diagnosis is the 
fact that well-known names have different connotations amongst workers, 
even in the same country, and also that what appears to be a single 
disease (when descriptions and photographs are scanned) masquerades 
under diffident nam(*.s in literature. The analysis of symptom complexes 
into unit characters as proposed by Schultz and Folsom (5) is urgently 
needed, but it will fail in its object until adequate proof is forthcoming 
that sinijde virus diseases have been isolated. No such proof is at present 
available and it is impossible, with our present knowledge, to separatt* 
purely varietal reactions from t he clinical picture resulting from infection 
by a specific virus. In these circumstances the only recourse left to tlu‘ 
field worker is to define, as precisely as possible, the symptoms c)bserved 
in the disease named. 

In botli the trials with which we are now concerned, each plant was 
examined at least twice during the months June to September, and the 
following diseases were noted as occurring either singly or in combination 
in the trial plots. 

MoUling, Described plants apparently quite healthy and of normal 
size but which, on close inspection, showed faint mottling of one or more 
leaves. This appearance was practically absent from the Great Scot plots 
but occurred on almost every otherwise healthy plant of the variety 
Kerr’s Ifink. Its significance is discussed later. 
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Mosaic. Although little or no stunting was visible, the plants were 
obviously diseased, and the mottling was easily recognised without the 
aid of white paper, the leaf margins tending to be undulating. The 
disease occurred in almost negligible amounts in the Great Scot trial but 
was common in Kerr’s Pink. A comparison of mosaic with the previously 
described '‘mottling” is shown in Plate XXXIV, fig. 2. 

CrinJcle. This much disputed name was applied to plants usually 
dwarfed to about two-thirds or even one-half of the normal height. The 
final diagnosis depended upon the occurrence of downward curling leaf 
margins and tips, together with blistering or corrugation of the leaf 
surface. Mottling was frequently faint or even invisible. Stippling of the 
surface with minute dark spots with brown streaking of the veins, 
although (iommon, were not invariably present on plants recorded as 
affected with crinkle. The lower leaves usually yellowed early in the 
season and ultimately hung as a mass of dead, blackened foliage. This 
disease probably included plants which would be diagnosed as “streak” 
by some workers, but in no case were plants observed to show the 
characteristic angular necrotic areas on the leaf with the necrotic* 
continuation into the veins as described for streak by Orton (3) and 
Atanasoff(i). Crinkle is illustrated in the variety Kerris Pink in Plate 
XXXIV, fig. and in Great Scot in Plate XXXIV, fig. 4. 

Vvrly (hvarf. The completely dwarfed ap])earanee of the plant, due 
in many cases to a procumbent habit with shortened internodes and 
twisted foliage, made tliis type of degeneration easily recognised. 
Mottling was not invariably present. It occurred only in the oldest stocks 
of Kerr’s Pink and not at all in Great Sc^ot. Tin* symptoms niergi^d into 
those of crinkle, and in doubtful cases tJie final diagnosis depended on 
the degree of stunting shown. Chirly dwarf is illustrated in Plate XXXV, 
fig. 5. 

Leaf-roll. Only secondary charact(*rs of the disease were found. The 
lower leaves showed an upward rolling of the margin and were leathery 
to the touch. Mechanical injuries and the occurrence of diseases which 
simulate leaf-roll were of course carefully looked for before diagnosing 
leaf-roll. The disease is illustrated in JMate XXXIV, fig. 2. 

{b) Discussion on the oeeurrence of virus diseases in the trml plots. 

A summary of the mean percentage occurrence of these diseases in 
the 192G trial with Kerris Pink is given in Table XIII. The probable 
error is also given, except where the perc(;ntage disease is so low in com¬ 
parison with the error that no particular significance can be attached to 
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the figure for the disease. As might be expected from the infectious 
nature of virus diseases, the older stocks were much more heavily infected 
than were the younger ones, but they of course contained fewer plants 
recorded as mottled, since, by definition, such plants were otherwise 
normal. Tlie degree of significance to be attached to this mottling deserves 
further consideration. The tendency of workers to assume that all cases 
of mottling are of an infectious virus type cannot be justified. '' Water- 
mottling'’ of tomatoes is not infectious, and is usually attributed to 
malnutrition; whilst even with known “virus-free” potatoes a form of 
mottling can be seen in the crumpled foliage as it emerges above ground. 
It may, however, be admitted that, in the present state of our knowledge, 
the onus of proof rests rather with the sceptic than with the believer in 
the infectious nature of a given casci of mottling. 

In tlie present instance a good deal of the faint mottling was ob¬ 
served in flune and July--before any considerable transmission of 
mosaic, was likely to have occurn'd, and in tln^ following year the progeny 
showed only the usual moderate increase in the number of mosaic 
plants, instead of an almost completely diseased crop, as would pre¬ 
sumably have l)een the case if most of the previous season’s mottling had 
really represent'd primary mosaic infection. On the basis of such a rapid 
and complete traaismission of mosaic to lu'althy plants, it would be 
difficult to explain why bS-20 per cent, of the oldest stocks remained 
free from visible infection with mosaic after seven years without change 
of seed. 

So far as the present work is con(*erned, it is immaterial vrhetlnn* the 
mottlijig represented primary infection wdth mosaic or not, since it has 
never Immui suggested by any worker that potato plants suffer in yield as 
a result of inflection exhibited as feeble or primary symptoms. Despite 
the faint mottling, the 1920 (new” Scotch) stocks produced a uniformly 
vigorous crop, and the mean yield of the seven replications was taken as 
the standard from which was calculated the loss of yield in the other 
stocks b 

* Even had “ vims-froe” material been available, the writer wonicl not hnve used them 
in those trials, for several reasons: (1) The ohjert of the trials would have been defeat'd by 
the use of stocks, as a standard, superior to any available to co 7 nnK‘reial growem (2) Tlic*ir 
use would have added an entirely fictitious seientifio value to the trials sinee, once exposed 
to infection in the plots, they would immediately cease to be virus free. (.'!) Finality has 
not boon rcachoil in our knowledge of the sources of infection, or the mini her, of viruses 
which may bo carried without symptoms. There might, therefore, he an undeterminable 
amount of such diseases convoyed to tlie virus free stocks, no less than to the good com¬ 
mercial stocks actually used. 



Table XIII. 

Mean percentage virus diseases and P.E.’s in 1926 with Kerr's Pink. 
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As regards the trials with the variety Great Scot in 1927, no mottling 
whatever was observed. Leaf-roll was almost the sole disease found in 
the ware tuber class and far outnumbered the crinkle and mosaic plants 
in the seed and chat tuber classes also. The percentages of leaf-roll and 
total virus diseases in these trials are given in the last two columns of 
Table IX. Graph 2, which shows the percentage of total virus diseases 
in each of the three tuber classes of Great Scot, makes it clear that the 
ware sets were less heavily infected than the chats; the difference being 
significant in all stocks except in 1926 and 1927. (hiriously enough this 
is not the case when leaf-roll only is considered, for here the difference in 



infection of ware and chats becomes barely significant only in the 1925 
stocks. The Great Scot chat sets w^ere therefore no more heavily infected 
with leaf-roll than were the ware sets, but were definitely more heavily 
infected with diseases of the mosaic type. Graph 3 shows that there was 
no significant difference in total virus-disease infection in any of the 
tuber classes with Kerr’s Pink, and this is also true of leaf-roll infection. 
From these facts we may conclude that, by planting ware tubers, no 
improvement in the health of the stocks was effected in Kerr’s Pink, 
whilst with Great Scot leaf-roll infection was not affected, although 
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mosaic diseases were in this way considerably reduced. This bears out 
the conclusions reached by the writer in a previous paper (»). 

The relatively low percentage of total virus diseases in all tuber 
classes of the 1921 stocks of both varieties is revealed in Graphs 2 and 3 
respectively, whilst Graph 3 also shows the abnormally high infection of 
the 1920 stock of Kerr’s Pink. A satisfactory explanation is not easy to 



find, since the 1921 stocks had maintained their superior position relative 
to the 1920, 1922 and 1923 stocks in each succeeding year. We have, 
therefore, to postulate a difference in the degree of infection of these 
stocks as received from Scotland, and then to explain the persistence of 
this difference for seven years. Unfortunately, sufficiently detailed field 
counts of virusdnfected plants were not made before 1924, and it is now 
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impossible to be definite as to the health of the oldest stocks when received. 
However, crop inspection in Scotland was then in its infancy, and little 
or no consideration was given to freedom from virus diseases, so that it is 
reasonable to suppose a somewhat high iiife(jtion occurred in the first 
few years that seed was saved for the })urpose of th(»s(^ trials. This is the 
more likely, sincie the commonest “ rogues *’ in th(^ early days of crop 
inspection were Arran Chief and Up-to-l)at(*, the fornuu* variety, at any 
rate, being one almost always infected and thus serving as a source of 
primary infection in the seed crop in Scotland. The stock of Kerr’s 
Pink was non-certified and was obtained as ‘‘Scotch ])robably Fife 
grown seed’' from an English merchant. All the other stocks were 
Class I, T.S* cei-tified se(»d, obtained direct from the growers, the 1921 
seed being grown on a high-lying farm in North Forfarshire and succeed¬ 
ing years’ stocks coming from llanff. It is assumed that, by ac'cidcnt, an 
unusually healthy stock of both varieties was obtained fr(un Forfarshire 
in 1921. Aphides were not recorded on the trial plots at. Ihingor in 1921 
by Walton (7), and this is believed to be du(‘ to their having been re¬ 
duced, or ev(‘n exterminated, in the abnormally vvet summer of 1929. 
There w ould be, therefore, little or no spread of virus diseases under field 
conditions at Hangor in 1921, and thes(‘ stocks, when planted in 1922, 
would be advantageously placed as regards fn^edom from infection when 
compared with tlie new' seed (growui in Scotland in the previous season). 

Althougli infection regularly increased eaeli year in the various stocks, 
the fact that these maintained the same relative positions, with respect 
to virus infection, suggests that tin* diseases sjnead more easily from 
plant to plant in the drill than across the drills. Tliat this is tin* ease has 
been demonstrated sfiveral times in small trials in wliicdi tin* progeny of 
plants surrounding infecdors lias been saved and planted the following 
year. Of at least equal importance is the fact that virus dis(*ases spread 
rather late in the season at the Hangor Oollegt* Farm. The writer has 
shown(H) that tubers lifted at the end of July, even when ex})ost‘d to un¬ 
usually great chances of infection, generally escape infection witli leaf- 
roll. This method has been used wdtli considerable success in restoring 
the vigour of a portion of the 1920 stock of Kerr's Ifink when planted in 
the middle of a museum of virus divseases. Mur})hy and ]VlcKay(:?), on the 
other hand, find that lifting must be carried out a mouth earli(*r at (Jlas- 
nevin than is necessary at Hangor. Primarily inf(*eted plants at P)angor 
thus give a high proportion of healthy progeny, and this is undoubtedly 
tlie main reason why the stocks of these tw^o varieties did not ipiiekly 
become uniformly 100 per cent, diseased. 
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V (c) Effect of virw diseases on tlie mortality of seed tubers. 

It has been pointed out that the occurrence of misses in both varieties 
was definitely related to some inherent character of the tubers and not 
to their position in the plots. Graph 4 shows the gradual increase in 
mortality with the age of tlie stocks of Kerr’s Pink, and a comparison of 
this with Graph 3 makes it probable that the reason can be found in the 
increase of virus infection. Salamau(4) found that chats failed more often 
than ware sets, and he explained this by assuming a reduction in size of 
tubers due to mosaic, and a consequently unconscious selection of in¬ 
fected tubers in his smallest tuber classes. This may be true of some 



Graph 4. Percentage mortality in ware, seed and chats. Variety—Kerr’s Pink. 

varieties, but can scarcely be an adequate explanation in Salaman’s 
trials, since he stated that only ‘‘some slight mosaic and no leaf-roll” 
occurred in his plots. In the present work there is some indication of an 
increase in mortality in the Great Scot chats paralleled by an increased 
virus infection as compared with ware, whilst in Kerr's Pink the similar 
virus infection of wares and chats is reflected in the approximately equal 
mortality in the two classes of tubers. To what extent other factors may 
have operated is not known, but that they cannot be ignored is evident 
from the great increase in the mortality of the 1920 stock of chats in the 
variety Kerr's Pitxk, which is certainly not due to any difference in virus 
infectit)n between ware and chats. 
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V. Correlation between yield and virus 

J)IBEASE INFECTION. 

As was stated in the introduction, the object of this work was not 
to add to our already ample evidence of the reduction in yield which 
occurs in virus-infected crops, but to try to determine the degree of 



Graph 6. Kerr’s Pink. 

®® = percentage total virus disease in ware plants. 

X-X = percentage loss in yield in ware plants. 

relationship between them. That such a relationship exists is clear from 
Graph 5 in which the mean percentage loss in yield in the seven unit 
plots of Kerr’s Pink, and the mean percentage virus infection, are plotted 
against each year’s stock of ware sets planted. Quite similar graphs have 
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been obtained with the other two tuber classes of Kerr’s Pink and with 
all tuber classes of Great Scot. Tliis relationship is still more evident 
from Tables IV and XL In tliese tables, not only docs the arrangement 
of the year classes in a decreasing order of yield result in their being 
assembled in an increasing order of total virus and leaf-roll infection, but 
there is no instance of a significant difference in yield not being accom¬ 
panied by a significant difference in infection^ 

In Graph the loss in yield in all year and tuber classes of both varieties 
has been plotted against the percentage virus infection. Evidently a 

% loss 



Graph 6. Correlation between percentage virus disease and percentage loss in yield 
(Kerr’s Pink atnl Groat Scot). 


definite linear correlation exists of the ordinary type Y a + bR, where 
Y percentage loss in yield and H the percentage virus infection. Under 
these circumstances it is possibh' to measure the interdependence of the 
two factors by determining the correlation coefficient with the aid of the 

formula r— r - the correlation coefficient, 

D and the deviations from the mean of the loss in yield and virus in¬ 
fection resp(»ctively. The probable error of this coefficient was determined 

1 — 

by the formula a 0*674 ^ where n the number of observations. 


^ Where a significant difference in infection lias not significantly affected the yield, it 
merely implies, of course, that the presence of disease to this extent could be ignored by the 
grower unless he proposed to save seed from the crop for planting. 
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The correlation coefficient, determined in this way, proved to be 
- 0*83±(h(>1() in the case of Kerr’s Pink, and - ()-97 £ 0*()08 with 
Great Scot. It is true that tliese correlations have been obtained with 
yields “corrected ’ for th(i occurrence of misses in the case of the Kerr’s 
Pink and, in addition, for the difference in the condition of the tubers 
when lift(‘d in the case of Great Scot. Thcvse corrections, however, do not 
affect the conclusions, for tlie correlation coefficient when the mean 
acivnJ yields are used 0-79 0-054 with Kerr’s Pjiik and - 0-98 ± 0-0058 

with Great Scot. 

With a (Correlation of so high an order it is safe to conclude that factors, 
other than virus disccasf's, play only an insignificant part in the degenera¬ 
tion of potato stocks, or more accurately, that any such factor fluctuates 
with the degree of virus infection and can, therefore, be ignored by the 
grower. 


VI. P’aCTORS INFiaiKNClMG TilE RATE OF DEGENERATION. 

The rate at which a (^rop degenerates wull be affected by any factor 
influencing tlie spread of virus diseases and increasing or diminishing 
their effect on the ])lant. The most important of these are: (a) Climatic 
factors affi'cting the bionomics of insect vectors; (h) seasonal factors; 
and (c) varietal factors which affec^t the reaction of the plant to aphis 
attack. 

( a) Climat ir factors . 

It is gencTally acc(*pt<Hl that an intimate relation exists between the 
occurrence of aphides and the spread of virus diseases in the crop, and 
therefore " as tlie present work sliows- in the rate at which it will 
degenerate. A temporary effect on the aphis pojiulation may, of course, 
be produced by mer<' seasonal variations, but the more permanent 
climatic variations may also be responsible for such a difference 
in the number of aphides, over a period of years, as to enable one farmer 
successfully to maintain the vigour of his potato stocks for many years, 
when other farmers within a few miles distance are compelled to change 
their seed at least every two years. Several cases of this kind have been 
reported by the writerto), but the best example is provided by the 
history of the same stocks of potatoes planted at the College Farm, A her, 
and at Madryn Castle Farm Institute some 80 miles distant. The stocks 
of Kerr’s Pink and Great Scot—the degeneration of which has been 
traced in the present paper—have also been maintained at Madryn 
Castle School since 1922 and the yields compared with that of new 



Table XIV. 

Cropping history of seed obtained from Scotland in the years indicated at the head of col 
{Taking yield of new Scotch seed each year = 100.) 
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New Scotch seed was not available in 1927 and the ‘‘once-grown*’ stock was taken to =100. 
de. No yields were recorded from the Great Scot plots at the College Farm in 1927. 
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Scotch seed each year. The cropping history of the stocks at these two 
centres is given in Table XIV^. 

The degeneration of the stocks at the College Farm is in marked 
contrast to the continued vigour of the same stocks at Madryn Castle. 
A])hides were not recorded under field conditions at the latter centre by 
the writers colleague, J)r C. L. Waltoij, although abundant in the 
sheltered garden. The spread of virus diseases also was extreirndy slow 
at Madryn (10), and even in 1927 (after five years) there was only a small 
fraction of 1 per cent, of virus diseases present (i.c. two or throe plants 
in the whole crop with either mild mosaic or aucuba symptoms). Plate 
XXXV, figs. 6 and 7, illustrates the vigour of the old stocks of Kerr’s 
Pink and Great Scot respectively at Madryn in 1927. 

(6) Seasonal factors» 

These not only affect the breeding of aphides but also th(‘, vigour and 
possibly tlui resisting power of the potatoes; any one of which will in- 



Oraph 7. Percentage loss in each stock of Kerr’s Pink (year by year) as compared 

with normal seed. (Right) Corresponding percentage virus disease. 


fluence the rate of degeneration of a partially infected stock of potatoes. 
Elsewhere the writer(ii) has shown that under conditions unfavourable 

^ Part of the table relating to the College Farm is taken from the Report of Experiments 
drawn up by Mr E. J. Roberts and published by this CVillege in 1925. For the information 
in the remainder of the table the writer is indebted to Principal Isaac Jones and Mr Edwirr 
Jones of the Madryn Castle Farm Institute, South Carnarvonshire. 

Ann. Biol, xvii 


31 
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for the growth of potatoes, leaf-roll plants suffer more than do healthy 
ones, so that the loss is more evident. It is true that, in any one year, a 
partially diseased stock will give a snnaller yield than a healthy one grown 
under identical conditions, but it by no means follows that a progressive 
increase in virus infection over a number of years will be paralleled by 
a progressive decrease in yielc^as compared with healthy plants. Graph 7 
shows that in 192r)™a particularly good year for potatoes—there was a 
distinct improvement in the yield of the old stocks of Kerr's Pink at the 
t\)llege Farm, although virus infection had very much increased. This 
no doubt affords a partial explanation of the discrepancy in the results 
of variety trials in which the same stocks are planted in widely separated 
localities, for in some centres the seasonal factors may affect the yield 
of diseased plants favourably; in other, adversely. 

(c) Varuiidfactors. 

The influence of varietal factors on the rate of degeneration is well 
illustrated by a museum of some forty varieties inft^cted with one or 
more of almost all known virus diseases, which the writer has maintaiiKul 
since 1924^. Each year, short rows of normal plants of many of these 
varieties have been planted in the museum, so that they have been 
exposed coni.inuously to infection from all the diseases, and the stages in 
their degeneration could thus be followed. Most of the varieties quickly 
became mottled but, whilst some degenerated rapidly into the curly 
dwarf form, others remained predominantly leaf-roll or crinkle, and one 
or two are still vigorous and apparently normal. 

This difference in reaction certainly affects the rate of degeneration. 
It is usually explained as a difference in susceptibility, but if so, we must 
distinguish between (u) liability of haulm to infection, (h) liability of 
tubers to contract infection from the diseased haulms, and (c) the effect 
on the yi(dd- An attempt was made in J924 5 to separate these differemt 
forms of susceptibility with very suggestive results, although of course 
it is probable that some of the conclusions reached would be modified if 
the trials could be repeated over several seasons under different environ¬ 
mental conditions. Twenty-five tubers each of twenty-three varieties 
were halved and corresponding halves were planted in the one case 
between leaf-roll plants and in the other between mosaic infectors. Each 
half tuber thus acted as a control for the other half, and the appearance 
of the same symptoms in the two halves of the same tuber caused the 

^ For most of the original infected materia in the virus museum the writer is indebted 
to the Scottish Plant Registration Station Corstorphine. 
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plants to be discarded from both plots. Several varieties were deleted 
from the trial in the first year (1924) owing to the occurrence of more tlian 
one or two diseased plants. In 1925 the whole progeny from each plant 
of the remaining varieties was separately planted and notes were taken 
^of the appearance of symptoms during June to August. Finally, tlie 
produce from each plant was counted and^graded, and the weight com¬ 
pared with tliat from a similar number of normal plants of the same 
variety growing in the same plots. 

{(1) Mosaic. 

The infectors in 1924 were selected from the progeny of a stock of 
mosaic infected Irish Chieftain, amongst which were a very few curly 
dwarfed plants. In 1924 quite SO per cent, of the tubers gave rise to 
curly dwarf plants, and mosaic was transmitted very irregularly to the 
varieties under test. It is believed that this irregular transmission was 
due to aphides migrating from one healthy row to another and so escaping 
infection from the intervening dwarfed rows. 

(c) Lcaf-rolL 

Tatile XV gives tin* p(*rcentage infection of the plants in 1924 (as 
shown by the oc^currencc* of one or more diseased j>lants from tlieir 
progeny in 1925), the percentage of disease in the progeny of the infected 
1924 plants—thus giving a measure of the liability of the tubers to 
contract disease from the infected haulm in 1924, and, finally, the per¬ 
centage loss in yield (weight and numbers of tubers) of the diseased stock 
in 1925 as compared with healthy plants in the same plots. 

It is of course possible that some of the differences in percentage* 
haulm infection may be due to accidental causes such as a haphazard 
distribution of aphides, but it is unlikely that differences of this magni¬ 
tude can entirely be explained in this way. A far more probable explana¬ 
tion is a difference in palatability or in shelter for the aphides. The differ¬ 
ence exhibited by varieties in the percentage of tubers contracting 
disease from the infected haulms points to a difference in the time at 
which the varieties became infested with aphides. This may not be merely 
a matter of calendar date, but of time in relation to tuber formation. 
On the other hand, the possibility of a difference in the rate of movement 
of the virus through the haulm of different varieties cannot be excluded, 
and it is evident that much further work on these lines is desirable. 

Phom the growers’ point of view, susceptibility is mainly a question 
of the reduction in cropping power, as measured by the total weight and 

31—2 
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Table XV. 

Susceptibility of varieties to leaf-roll infection (1924). 


Variety 

% plants 
infected 
(1924) 

% loaf-roll 
tubers on 
infected 
plants 

% loss in yield 

^ , -A_ 

Weight Numbers 

Notes 

Crusader ... 

100 

99-5 

950 

84-0 

Very stunted 

Up-io-Date 

100 

980 

140 

400 

Stuntt'd 

Beil Cniachen 

100 

900 

000 

00 0 

Very stunted 

Kerr’s Pink 

100 

78-1 

050 

540 

Stunted 

Tinwald Perfection 

92 

78*6 

03 0 

530 

Stunted 

Arran Comrade ... 

88 

05-1 

51 0 

330 

Stunted 

Majestic ... 

87 

70-7 

(>50 

530 

Stunted 

Ben Lomond 

84 

44-4 

470 

33*0 

Slightly stunted 

Katie (»lover 

04 

54-5 

47-0 

41 0 

Slightly stunted 

Great Scot 

00 

055 

45 0 

290 

Slightly stunted 

“8am”*. 

100 

94-5 

.— 

— 

Stunted 

Skerry Blue 

72 

27-1 


— 

Slightly stunted 

Shamrock. 

4 

84 0 

— 


Slightly stunted 

Flourball. 

0 

00 

— 

— 

Not stuntc'cl 


* The variety “8arn” was said to have boon brought from Russia about 1898 and» siruio 
then, had been grown at 8am, Carnarvonshire. It is an Abundance type and, wlien grown 
at the College Farm in 1924, appeared normal and very vigorous. 


size of tubers produced by the infected plant. From Table XV we find 
that an all-diseased stock of Crusader yielded 95 per cent, less than a 
normal stock, whereas a similar stock of Up-to-l)ate suffered only to the 
extent of M per cent, loss by weight. Again, although most of the 
varieties showed a decrease in the size of tubers as well as in the number 
produced by infected plants, the tubers from the leaf-roll Up-to-J)ate 
plants were actually larger than those produced by normal plants. It is 
possible that these facts help to accjount for the long-continued popularity 
of this variety. The relation of the liability of haulm and tubers to in¬ 
fection, and the effect of leaf-roll on the yield, are shown in Graph 8. 

An attempt has been made in Text-fig. 1 to analyse the crop from the 
different varieties. The percentage infection with leaf-roll is shown in 
each tuber class from all the plants, whether they contracted or escaped 
infection in J924. This gives a measure of the net effect of haulm and 
tuber susceptibility and confirms a conclusion reached by the writer in 
a former paper(8) that no improvement in the health of a partially 
diseased crop can be expected by selecting, as sets, any particular size 
of tuber. Table XVI gives similar information and, in addition, shows the 
proportion, by number, that each class of tuber bears to the whole crop. 
It illustrates the difficulties in the way of giving useful advice to growers 
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Gnipli 8. Varietal susceptibility to leaf-roll in 1924. 

(1) Percentage progeny from infected plants, x- ---x 

(2) I*ercentage plants infected in 1924. < 7 ) -^ 

(3) Percentage loss in weight of tubeni. n . . - n 

(4) Percentage loss in number of tubers. O -.-O 
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of total crop 



tuber <*lass 

Variety 

Ware 

St5ed 

Chats 

Ware 

Seed 

Chats 

Cioisader ... 

14-2 

44*2 

43*5 

100 

98-7 

100 

ITp-to-Date 

34-1 

35*3 

30 b 

100 

97 7 

95*5 

Ben Oruachen 

197 

39*9 

40*4 

8b* 1 

92*5 

91*9 

Kerr’s Pink 

18-3 

42G 

390 

70*5 

80*3 

79 2 

Tinwald Perfection 

9 b 

53*2 

37*1 

68*9 

74*b 

68*8 

Arran Comrade ... 

23-6 

40*7 

36*7 

73*0 

52 3 

48 2 

Majestic. 

44 1 

28*4 

27*6 

6b*5 

64*4 

63 2 

Ben Ijomond 

17-9 

39*8 

42*3 

35 5 

46*7 

324 

Katie Glover 

12-7 

4M 

46*2 

63 3 

48*4 

31 2 

Great Soot 

39-9 

28(5 

26*4 

50 0 

21*9 

52*0 






Crusader Up-to-Dato Ben Cniachen Kerr’s Pink Tin. Perfection 



Majestic A. Comrade Great Scot Katie Glover Ben Lomond 
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as to the relative value of popular varieties. Up-to-Date and Great Scot, 
for instance, deserve equal commendation as regards the production of 
large tubers in the crop, but had seed been saved for planting, practically 
all the succeeding crop of Gp-to-Date would have been leaf-roll whilst 
only some 22 per cent, of the Great Scot seed would have perpetuated 
the disease. On the other hand, the loss from the infected Hc‘ed of Great 
Scot would have been much heavier than that from tlie infee.ted llp-to- 
Date. 

Murphy and McKay (2) have expressed the opinion that tlie probable 
duration of life of a variety is not conditioned by its liability to contract 
—and show symptoms of—virus diseases, but rather by its rt‘action to 
these diseases after infection. With this opinion the writer is in full 
agreement, and the present work provides strong evidence in its support. 
It is quite otherwise with the view expressed in the same ])a})er that the 
susceptibility of varieties cannot adequately be tested until virus-free 
stocks and pure diseases are available. Such a view does not differentiate 
between tlui fundamental aspects of tlu‘ problems and the legitimate 
claim of growers for guidance as to the probable result of planting different 
vari(*ties ex])osed to similar chances of infection under natural (‘onditions. 
Tests of tlie reaction of plants to virus infection induced by grafting, or 
the use of insect vectors under cages, will never replace the multij)li(*ity 
of fiedd conditions which determine, not only whether the haulm and 
tubers contract infection, but also the effect of infection on the yield. 
True, field t rials must necessarily ignore the presence of “(‘arriiu " plants, 
but in this respect virus-free stocks—planted in the tield—ha^'e no 
advantage ov(t the use of normal, vigorous stocks. All recent work shows 
that symptomless ‘'carrying'’ is an exceedingly common phenomenon in 
potato varieties, even when, as in the writer’s view, one excludes all 
cases of mere ‘‘masking*’ of symptoms due to environmental conditions. 
There is, indeed, much to be said in favour of the deliberate encourage¬ 
ment of the breeding of perfect “carrier ' varieties and the elimination 
of “intolerant’’ kinds from the market. 
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VIII. Summary. 

1. Trials carried out at the University College Farm, near Bangor, 
N. Wales, have demonstrated the intimate relation of virus disease in¬ 
fection to the fall in yield experienced when potato “seed’’ is saved more 
than one year. These trials were laid down with seed tubers of three sizes 
corresponding to commercial '‘ware,” “seed” and “chats.” Two varieties 
were used, viz. Kerr's l*ink and Great Scot, which had been grown for 
varying periods, up to seven years, without change of seed. 

2. What(‘ver size of seed tuber was used, the yield ))ecame progres¬ 
sively less from the youngest to the oldest stocks, except that grown for 
six years, which compared well with slightly younger stocks. Again, with 
the exception of the six-year-old stocks, the percentage of plants free 
from virus symptoms fell consistently from the youngest to the oldest 
stocks. The continued relative superiority of these six-year-old stocks of 
both varieties is considered to be due to (a) exceptional freedom from 
infection when received from Scotland, (6) the spread of disease more 
easily along the drills than across them, and (c) the relatively ]at(» 
infestation by aphides which occurs at the College Farm and results 
in a large number of tubers on primarily infected plants escaping in¬ 
fection—the effect of (b) and (c) being to maintain any original difference 
in infection between stocks. The possibility of a difference in the reaction 
of different strains of a variety to virus infection cannot })e ignored 
but is regarded as unlikely in the present instance. 

3. The relationship between virus infection and loss in yield has 
been shown to be a linear correlation, and that it is of an extremely high 
order is evident from the fact that the correlation coefficient in the case 
of the Kerr’s l^ink is shown to be 0-83 ± ()*()4(), and with Great Scot 
(>•97 ± 0-0()8. 

4. “ Missesoccurred to the extent of about. 5 per cent, in the youngest 
stocks but increased progressively in the older ones, irrespective of the 
position tliey occupied in the chc()uerboard plots. There is, therefore, 
another source of loss, which has not hitherto been generally recognised, 
to be attributed to prolonged home-saving of seed, and probably— 
though not certainly—to virus infection. 

5. The effect of virus diseases on the size of tubers produced has been 
studied. There is no clear evidence in cither variety of any marked re¬ 
duction in size attributable to virus infection, but definite evidence that 
the proportion of large tubers in the crop is affected by the size of set 
planted. 
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6. No evidence was found that the rate of dep^oneration was affected 
by the size of tuber set planted, except possibly in the oldest stock of 
Kerr’s Pink. In the variety Kerr’s Pink there was no significant differ¬ 
ence in virus infection in the tliree tuber classes, however long they had 
been grown without change. This was almost c»qually true of Great Scot 
so far as leaf-roll was concerned, but the chats produced a higher 
percentage of mosaic and crinkle plants than did the ware. 

7. The effect of climatic, seasonal, and vari(*tal factors on the rate 
of degeneration has been studied : 

(a) A detaihid comparison has been made of the vigour of the same 
stocks of two varieties maintained at the Coll(‘ge Farm, near Bangor, 
and at Madryn (Castle Farm Institute some thirty miles distant. Owing 
probably to climatic and topographical factors, aphides occurred only 
sparsely at the latter centre and practically no reduction in vigour in 
the six-year-old stocks occurred. 

{/>) Seasonal factors, by influencing the rate of breeding of insect 
vectors and the vigour of the potatoes, may considerably accelerate 
or retard the* d(‘goneration of a partially inb^cted stock. It is shown 
that, owing to the difference in the response of healthy and diseased 
plants to unsuitable conditions, it may happen that a heavily diseased 
stock in an (‘xceptionally good growing year will show less loss relative 
to the crop from a healthy stock than it did in a previous y(‘ar in which 
h'ss virus disease was present. 

(c) The influence of varic'ty on the rate of degeiu'ration is show’ii to 
be the resultant of three sepanite forms of susce])tibility, /.r. liability of 
haulm to inf<*ction, liability of tubers to contract infection from the 
diseased haulm, and the effect of infection on the yield. The variety 
(.Vusader showed all three forms of susceptibility in an extreme manner; 
Up-to-])ate was very susceptible to infection both of haulm and tubers, 
but the virus infection had relatively little effect on the yield; on the 
other hand, the variety Great Scot (exhibited considerably less .suscepti¬ 
bility of haulm and tubers to infection, as compared with Gp-to-l)ate, 
but appreciably more efft‘ct w^as productMl on the yield. 

The value to be attach(‘d to field trials of susceptibility to virus 
diseases is discussed. 
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EXPLANATION OF PLATES XXXIV AND XXXV 

PLATE XXXIV. 

Fig. 1. Normal jilani in the seven-year-<»ld slock of Kerr's Pink, in the 1920 chequerboard 
trials at the College Farm, near Bangor. 

lig. 2. i.ieave8 from plants of Kerr’s Pink, showing {a) mottling, (6) mosaic, (r) leaf roll, 
lug. 3. Crinkle in Kerr’s Pink photographed to same magnitication as Fig. 1, and fiom the 
.same stock. 

Fig. 4. Normal (right) and crinkle plants of Griait »Scot. 

PLATE XXXV. 

Fig. 5. Curly dwarf plant in the variety Kerr’s Pink, photographed to the same magnifica¬ 
tion as Plato XXXIV, figs. 1 and 3, and from tlu* same stock. 

Fig. C. “Ago” of “seed” trial with Ken-’s Pink in 1927 at Madryn (!astle Farm Inslitnt*-. 
Once grown seed on right and six times grown seed on extreme left; single rows of oaeh 
year’s seed. 

Fig. 7. As for Fig. (i, hut the variety is Gn‘at Scot and the oldest stock is on the right. 


(Received Orlohr 'liSlh, 1929.) 
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NOTES ON THE CULTURING OF INSECTS FOR 
VIRUS WORK 

By MARION A. HAMILTON, B.Sc., Ph.1). 

{Departme^it of Mjfcolofpf, RothfWisfed Ejyerimental Station, Ilarpenden.) 

(With Plate XXXVI and 3 Text-figures.) 

T. Thk use of cellophane fok breeding cages. 

Not the least important of the difficulti(\s faced by the breeders of insects 
for virus (*xperiments is the necessity for maintaining stocks unmixed 
and free from infection. As a general rule it is impossible to keep each 
set of insects in a separate glasshouse cliamb(*r, and, in any (‘ase, it is 
obvious that no chamber is ‘'insect proof'’ if people pass in and out. The 
insects have therefore to be kept in cages which must possess certain 
characteristics, /.c. they must be portable, airy, light (transparent) and 
minutely insect proof, as many of the susp(‘(*t insect vectors are very 
small and ubiquitous, ejj. thrips, white fly, red spider. 

The materials most .gtuuTally used are muslin, glass, or a combination 
of both, but th(\se have many disadvantages. Muslin is not easy to handle 
satisfactorily and harbours eggs and small insects in its folds. If it is line 
enough to keep out very minute pests it cuts oil a great deal of light, a 
failing particularly noticeable in the winter months, and even coarse 
muslin has to be removed for observation of the culture. (Mass is fragile; 
for large cages it is unwit*ldy (and also expensive), and tor small ones 
causes a high percentage of liumidity which is bad for many kinds of 
cultures, especially over long periods. 

Text-fig. 1 shows a type of cage which overcomes some of these 
difficulties. Its basis is the usual type of light metal frame, consisting of 
four upright wires supporting two galvanised iron bands, 1 i inches and 
3 inches deep respectively. A useful size is 14 inches height by 7 inches 
diameter, but the dimensions can be modified in acH'.ordance with the 
purpose of the cage. The walls are of cellophane^ find it is roofed by fine 
bolting silk^. Cellophane is a material which is becoming invaluable to 
the entomologist. It was first brought to my notice by Dr .\. D. Imms, 

1 The Cellophane Co,, 7, 8 and 9 Bird Streel<, London. 

* Dufour Bolting Silk, Henry Simon, Ltd., 20 Mount Street. 
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who had observed its use in America. Dr Tmms has also been helpful 
with other suggestions, including information on the subject of bolting 
silk. Cellophane is a cellulose composition, light, durable, perfectly 
transparent and non-porous, though it allows the diffusion of water- 
vapour and other gases (3). Smith (3.) gives a description of its behaviour 
with regard to water-vapour, and mentions its ]:)ermeability tQ ultra¬ 
violet light wliich is said to be the same' as that of quartz glass. 



Text-fj|?. 1. Cellophane-oovTrcd rage for (mlturing apliicloH on Bmall cabbage plaiitM. 
h.8. Bolting silk cover, c. Cellophane, g. Calvaniwed iron baae. /. Insulating tape 
binding. 

Incidentally, as a material it is decidedly cheaper than any other, except 
perhaps the very coarsest of checse-cdoths and muslins. 

These cages are easy to handle and occupy a minimum of space in 
the glasshouse. Perhaps the best method of construction is as follows— 
starting from the finished wire frame wliich can be made by the local 
ironmonger or tin-smith, the metal bands are smeared with a waterproof 
cement, which can be made by dissolving cellulose acetate in ethyl 
acetate: similar preparations are sold in tubes like seccotine^. A sheet of 

^ “Pear Drop” wateri)roof and household cement, Uie Turn bridge M.F.G. and Supply 
Co , The Nurseries. Tangley Road, Tooting, S.W. 
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cellophane of suitable size is quickly and not too tightly wrapped round, 
leaving plenty of margin at the top and the bottom. If it is too tight it 
is liable to split, as cellcjphane shrinks when damp. The free edges are 
then joiiKMi by a liberal application of cement, and a circh^ of bolting silk 
is gummed round the edges and stretedn'd over the top by an elastic band. 
It is then finislicid by a tight strapping of ordinary 1 -inch insulating tape 
which cov(‘TS the free edges of the material, and is arranged so as to pro¬ 
tect the cellophane where it is drawn over the sharp metal edge. As the 
insulating tape is only intended to stick to itself, the strapping must be 
made to overlap. If, as sliowii in Text-fig. 1, only two bands are used at 
the base of tlie cage, th(‘ inner free end should be well covered and the 
strapping should be finished on the upper edge of the metal so that the 
outer free end is above the level of the water in which the cage stands. 
It< is advisable to cement down the outer edge, as the rubber solution 
tends to rot. 

The cages stand in damp sand (for aphid) or water (for thrips as they 
might pupate in damp sand) in any flat rec-eptacle of convenient size. 
Larg<^ ('ai’tlicnware plant-pot saucers are useful for liolding tlie smaller 
cages. Th(» whole can easily be removed fron) the chamber to l)e opened, 
but it is not necessary to open tlie cag(*s for general observation purposes. 
The cellopliaiK' lasts a])out three months in a moist atmosphere, but it is 
safer to replace it about every t(m weeks. 

J^late I, tig. 1, shows the cages being used in a greenhouse in which 
feeding experiments and small cultures under lamp glasses arc also being 
carried out. 


II. Au rirnuAL kkkoinu of Mi zvs incnswAh:. 

It is of great importance in many problems of virus entomology to 
rear tln^ insect vcictor apart from the host plant. This type of work has 
already been carried out by Severin and 8wezy(2) and Swezy(i) for 
Efdtetix ienelh, using the methods of Carter(i). The apparatus consists 
of a bag of ‘‘tish skin" (swim bladder) suspended in a cage and containing 
the medium which the Eufteiix pierces tlie membrane to obtain. So far, 
however, it has not been used to culture aphides, which are also important 
as vectors of virus diseases. The Carter apparatus fails in that the aphides 
always crawl up to the roof of the cage and do not seem to recognise the 
damp globular surface as a substitute for a leaf. Obviously it is necessary 
to devise some means whereby the aphides may feed more or less in their 
natural position, which is upside down on the lower surface of a leaf. 
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Text-fig. 2 shows the first type of apparatus used. It is described in 
detail as, though limited in capacity, it is an easily prepared device and 
(juite effective for certain types of work. It consists of a small crystalhs- 
ing dish (diameter 11 inches) containing a little feeding fluid closed with 
a circle of washed fisli skin held in place by an elastic band. A filter 
funnel (diameter 2 inches) is prepared for its reception by the construc¬ 
tion of a small shelf of paraliin wax and the introduction of a few aphides, 



Text-fig. 2. Artificial feeding of Myzus persicac. Fettling apparatiiH, No. 1. Crystallising 
dish inverted over filter funnel. 

Text-fig. 3. Artificial feeding of Myzus perdrac. Feeding ajiparatus, No. 2. The crystallis¬ 
ing dish and funnel mplaced by specially constructed c'apsules. 


the top of the stem being plugged with cotton-wool. The dish is inverted 
into the funnel and pressed down and the whole clamped in position. In 
this way aphid(‘s have been fed for six days on weak methylene blue and 
sugar solution and have produced young. This method, however, is not 
suitable for work on a large scale. Only a few aphides can be introduced 
as they cannot be kept in an open filter for more than a few seconds; also 
the apparatus cannot be kept in a glasshouse as it is very prone to 
“sweat'’ at high temperature. Only mixtures which are not likely to 
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decompose can be used because tliere is no way of replacing them, and 
extracted plant juices quickly break down and possibly become toxic to 
the insects. It is also advisable to use a very thin film, adding distilled 
water as it evaporates, pressure on the membrane causing it to leak. This 
cannot be done with a sealed capsule. On account of these difficulties the 
apparatus shown in Text-fig. *1 has been devised. 

This apparatus consists of a pair of cone-shaped glass capsules A 
and B, their apices forming wid<‘. necks. A stands on a ground-in shelf (s) 
in B. It is coveKul with fish skin (m) as in the first apparatus (if fish skin 
is not obtainable gut skin can be used)^ and contains the feeding fluid. 
By removing its rubber stopper (7?) liquid can be changed or replenished 
without removing the capsule. Capsule B is perforated by four holes of 
1 cm. diameter, some of wdiich can be seen in tlie photographs (Plate 
XXXVI, fig. L^). They are covered with small circles of organdie muslin. 
In introducing tlie aphides the apparatus is inverted so that B is resting 
on A. Tlic insects are placed on the membrane with a fine camel-hair 
brush through the neck of B which is then closed by a cap of muslin or 
e(dlopliane (r). Prom 50 to 100 aphides can be introduced in this way 
without escaj)es. The apparatus is reversed and clamped into position as 
shown in the photograjdi (IMate XXXVI, fig. 2). 

In replenishing the li<iuid the cage is inverted and the stopper re- 
mov<Hl. When the aphides have crawled into the upper part of B, the 
membrane can be rinsed with distilled water from a wash bottle. It is 
sometifiH's advisable to paint the edges of this membrane, wdien dry, with 
liot paraffin w’ax, as oozing takes place most frequently round the edge. 

The mortality of perfficac cultured in this way varies consider¬ 

ably with the strength and nature of the fluids and with the general 
conditions. Six days is the longest period for wliieh they have remained 
alive (seven days in some cases for methylene blue), but it is hoped that the 
time will be much longer W'^hen the correct medium has been found. Using 
extracted potato juice the attempt to subculture on to seedlings is gener¬ 
ally unsuccessful after the third day, though a few survive after the 
fourth. The subcultured aphides require a small glass cage with high 
humidity. That- the insects actually feed and do not merely exist in the 
moist atmosphere is showm by the fact that stain can be detected in 
the gut after a few hours and many eventually become quite deeply 
coloured. 

Table I shows the results of one set of cultures, but the numbers are 

^ Gut skin is a good deal tliinner than fish skin and only the toughest pieces should bo 
used. It can be obtained at Boots Cash Chemists, by special order. 
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very variable, e.g. in methylene blue cultures the numbers remaining 
alive vary from 10 out of 12, to 7 out of 50, in six days. It represents 
fairly well the value of the different fluids as culture media. 


Table I. 

Number of aphides alive on consecakre dags. 






Days 




Medium 

r 

1 

2 

3 

4 

5 

G 

7 

Potrafo juice 25 % in dis¬ 
tilled water . 

20 

15 

11* 

8* 




Methylene blue 0 0.5 in 
sugar solution 0*05 

20 

17 

15 

12 

8 

5 

3 

Dahlia violet 0-01 

20 

18 

10 

10 

13 

10 

— 

Eosin 0-01 % . 

20 

18 

15 

14 

11 

11 

— 

Light green 0*02 % 

20 

14 

13 

11 

10 

9 


Eosin azure 0 01 % 

20 

13 

7 

3 

0 

— 

— 


* Loaf-juico ciiltiirea won' not carried beyond the third or fourth day aa it was found 
irapossiblo to subeulturo the two or three weakly sjiecimenK that survive till the fifth or 
sixth day. Eosin and methylene blue insects can be subcultured quite satisfactorily on the 
fifth or sixth day. 

Summary. 

1. A method for keeping pure and uiiinfecttjd cultiires of aphides for 
virus work is described; it involves the use of cellophane and bolting 
silk on a metal framework, 

2. Specially constructed glass capsules are described in which aphides 
can be fed on artificial media, plant extracts or dyes. 
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EXPLANATION OF PLATE XXXVI 

Pig. 1. Oellophane*covered cages on glasshouse staging. 

Fig. 2. Feeding apparatus, No. 2, in use. 


{Received March Zrd, 1930.) 



THE ANNALS OF APPLIED BIOLOGY. VOL XVII, NO. 3 


PLATE XXXVI 









493 


THE INFLUENCE OF ENVIRONMENTAL CONDI¬ 
TIONS ON THE DEVEI.OPMENT OF THE ANGULAR 
LEAF-SPOT DISEASE OF COTTON* IJ. THE IN¬ 
FLUENCE OF SOIL TEMPERATURE ON PRIMARY 
AND SECONDARY INFECTION OF SEEDLINGS 

By R. H. STOUGHTON, B.Sc., A.R.C.S. 

{Department of Myeolo^tj^ Rothamsied Experimental Station, Ilarpenden.) 

In an earlier paper (4) were given the results of a preliminary investigation 
of some of the environmental factors which influence the development 
of the disease^ of cotion variously known as Blackarm,*’ "‘Angular 
Leaf-Spot," “ Bacterial Boll-Bot,” et(‘., caused hy Bactenam malvaemnnn 
E.F.S. (PHcndomonoH malvaeearam). It was shown that the conditions 
of air temperature and humidity each influenced the development of the 
disease resulting from artificial inoculation of young plants, and that the 
factors were interrelated in the sense that a change in one allowed of a 
change in the other without (*ffect on the disease. No attempt was made 
to difTerentiate between soil and air temperature, although it was 
recognised that sucli a- distinction must be made in a more complete in¬ 
vestigation of the problem. This was especially true in view of the results 
of Massey (tJ) who, working in the Sudan, claimed that the development 
of the disease in the seedling stage was confined to a definite range of soil 
temperature, namely from V. to 28-30''’ definite immunity being 
obtained at 32^ C. In a lat(‘r paper (3) the same author j>roduced further 
evidence of this influence of soil temperature, and recapitulated the 
evidence for internal infection of seed first suggested by Archibald (i), 
but elaborating the theory to include systemic infection of the entire 
plant under certain conditions without external manifestation of disease. 

Preliminary attempts by the writer to confirm these results proved 
negative, but the question was of such obvious importance that a request 
from the Sudan Authorities to the Empire Marketing Board for a grant 
to assist the work was acceded to, and under tins grant a series of special 
chambers was constructed in which soil temperature, air temperature, 
air humidity and illumination could be independently controlled. A 
detailed account of the apparatus has been published (5), and it is im- 
necessary to give full details here. Each unit consists essentially of a 
Ann. Biol, xvn 32 
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heat-insulated and thermostatically controlled water-tank, in which the 
soil tins for the plants are suspended, and fitting over this tank a double- 
walled glass air-chamber, the temperature and humidity within which 
are automatically controlled. Illumination is provided by two 500-watt 
lamps in suitable reflectors suspended over each case, the heat from the 
lamps being absorbed by a continuously flowing water film. Cotton 
seedlings have been found to grow satisfactorily in these chambers, 
although owing to the entirely overhead character of the lighting and its 
low intensity compared with tropical sunlight they become somewhat 
‘‘drawn.’’ 

The influence of several factors has been investigated to some extent, 
but only those experiments dealing with the effect of soil temperature on 
seedling infection will be described here. Ijater papers will deal with the 
other factors, especially with regard to their influence on secondary 
infection by spray inoculation. 

It should be pointed out that so far no attempt has been made to deal 
with the extremely difficult problem of automatic control of soil moisture. 
Throughout the experiments the plants were supjflied with water of the 
right temperature from time to time as thought necessary. Examination 
of the soil at the end of the experiments show^ed that in no case had 
watering been so excessive as to cause any degree of waterlogging. While 
it is recognised that soil moisture may have some influence on the disease 
either directly or indirectly through its effect on the plant, the consistency 
of the results with different types of soil and the fact that the moisture 
was kept well within the extremes of dryness and wetness makes it im¬ 
probable that the results will be seriously affected by variations in this 
factor. 

The seed used throughout the experiments was “Sakellarides” 
variety from the Gezira Plain, supplied by the courtesy of Mr K. E. 
Massey, Botanist to the Sudan Government. Different lots of seed were 
used in each experiment, but all the seed was derived from heavily 
infected plants, and hence presumably carried the organism. 

Description op experiments. 

Influence of soil temperature on prwuiry infection, 

Exp, 1. F our different treatments were used in the experiment, and as 
there were eight tins in each chamber, each treatment was duplicated at 
every temperature. Ten seeds were sown per tin, giving a possible twenty 
seedlings per treatment at each temperature. The treatments were as 
follows • 
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(а) Seed delinted in concentrated sulphuric acid for 15 minutes, 
washed, immersed in J : 500 mercuric chloride for 15 minutes, and again 
washed. 

(б) Seed soaked in a very heavy suspension in distilled water, from 
a pure culture of a virulent strain of B. malvaceariim. 

(c) A small portion of the testa of each seed carefully chipped oil 
from the side without injury to the embryo and the seed then soaked in 
a suspension of the organism. 

{(1) Seed soaked in sterile water, but otherwise untreated. 

In each case the vessel containing the seed and disinfectant, suspen¬ 
sion, or water respectively was evacuated for a short time to ensure 
complete wetting of the seed. After treatment the seed was sown directly 
in the tins at a depth of about 1 cm., at the following range of tempera 
tures: 15^ C., 19^ C., 2:r 27^ C., C., C. The soil used was a rich 

glasshouse compost containing one-fourth of its bulk of sand. The 
tempi Tat n re in all the air-chambers was maintained at 25C. and the 
humidity at an average of 75 per cent. As soon as the seedlings appeared 
above the soil the artificial lighting was provided, the time-switch being 
set to give i(J hours' illumination daily. 

Uermination was good at all temperatures except 15° C., where the 
seed germinated irregularly and sparsely. The times required for germina¬ 
tion at the different temperatures are shown in Table I, w^here the time 
given refers to the first appearance of seedlings above the soil. 

Table I. 


Time (in days) for germination and germination percentage. 



15^ C. 

19" C. 

23^ C. 

27“ C. 

3r C. 

35" C 

Time for germination 

5-^ 

5 

3 

2i 

2 

3 

Total no. germinated 

25 

54 

73 

66 

07 

74 

Cormiiiation % 

31*3 

t)7-5 

91*3 

825 

83*8 

92-5 


The "‘number germinated” and “germination percentage'* given in 
Table I include all seed irrespective of treatment, that is, a total of 
eighty seeds at each temperature. 

Infection was apparent a few days after germination, and an ex¬ 
amination of the seedlings was made 14 days after sowing except in the 
cases of chambers numbers I and VI (19° C. and 15° C.), when the ex¬ 
amination was made 19 days from the date of sowing. Infection of the 
cotyledon takes the form of water-soaked spots which are usually most 
numerous around the edges of the cotyledon. Any seedling showing one 

32—2 
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or more definite lesions of this type was counted as infected, and in 
Table II the numbers of such infected seedlings are given for the duplicate 
tins of each treatment, together with the percentage infection for the 
sum of these numbers. 


Table IL 


Exf, 1. Percentage of infection at the different tonperatares for the 
four treatments. 


Soil temperature 



C. 

19^ C. 

23“ 0. 

27“ C. 

31“ C. 

35° C. 

Sterilised externally. 

I. No. of seedlings 

6 

6 

10 

9 

9 

10 

No. infected 

0 

0 

0 

0 

0 

0 

II. No. of seedlings 

8 

8 

10 

10 

10 

10 

No. infected 

0 

0 

0 

0 

0 

0 

Average % 

0 

0 

0 

0 

0 

0 

Untreated. 

I. No. of seedlings 

2 

9 

10 

8 

8 

10 

No. infected 

0 

2 

1 

3 

1 

0 

IL No, of seedlings 

5 

« 

9 

9 

1 

9 

No, infected 

0 

1 

0 

1 

0 

0 

Average % 

0 

20 , 

5-2 

23-5 

0-7 

0 

Inoculated plain. 

I. No. of seedlings 

1 

8 

10 

9 

9 

10 

No. infected 

? 

2 

0 

3 

2 

2 

II. No. of seedlings 

2 

8 

10 

10 

10 

10 

No. infected 

V 

2 

2 

2 

3 

2 

Average % 


25 

10 

20-3 

20 3 

20 

Inoculated chipped. 

I, No, of seedlings 

0 

() 

8 

0 

7 

7 

No. infected 

? 

4 

3 

0 

0 

4 

IL No. of seedlings 

1 

3 

8 

5 

7 

8 

No. infected 

y 

3 

(i 

5 

4 

0 

Average % 

? 

78 

50 

UK) 

71*5 

000 

Average % for three 

? 

35 

24 

42-0 

33-4 

20 

treatments where in- 


fection occurred 


Average % 
for 6 temps. 


0 


V 10(i 


21 3 


V 72'3 


As mentioned previously, the seeds at a soil temperature of 15"^ C. 
germinated very irregularly and made exceedingly poor growth. The only 
exception was in the case of the externally sterilised seed, of which six 
and eight respectively out of ten germinated. No infection was apparent 
on the seedlings which did appear, but in view of the fact that the 
sterilised seed germinated more or less normally, there is a strong pre¬ 
sumption that the poor germination of the inoculated seed was due to 
infection. This cannot, however, be stated with certainty. In a later 
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experiment (see Exp. 2) severe infection was obtained at 15° C., and this 
lends Support to the hypothesis. In view of this uncertainty as to the 
cause of the poor germination at this temperature, therefore, this column 
of figures has been omitted in calculating the average percentage infections 
for each treatment. 

It will be seen from Table IT that the most striking result is that due 
to variation in seed treatment. No infection hi any case was found on 
the seedlings produced from seed which had been externally sterilised. 
Infection was low in the case of the untreated seed, but sufficiently high 
to show that, under the given set of air conditions, an appreciable amount 
of disease may develop. The presumption from these two results would 
appear to be that, for this batch of seed at least, disease arose only from 
organisms carried on the outside of the seed. Where the organism was 
present in much larger numbers (‘‘inoculated plain'’) a greater amount 
of disease was produced, whilst where the organism was introduced 
actually within the seed-coat and hence in contact with the embryo from 
the beginning of germination, very severe infection resulted. In this 
connection a fa-ctor which cannot be shown numerically should be taken 
into account, namely, the sevcu’ity of attack. In the case of the inoculated 
chipped seed the infection was very severe, often involving the entire 
(‘otvledon, and in some cases r(*sulting in the death of the seedling. With the 
plain inoculated seed the attack of individual plants was less severe, but 
still very conspicuous. With the untreated seed, on the other hand, the 
infectkui was usually very much less in degree, often being limited to one 
or two spots on the edge of the cotyledon. The variation in degree of 
infe(jtion was thus more marked than the figures in Table II show. 

AVith regard to the effect of soil temjxTature, it will be seen that, 
while there appears to be some influence, this is less marked than the 
difference betw^^en treatments. A marked falling off in degree of in¬ 
fection is apparent at the higher temperatures, and this is true for each 
treatment. Nevertheless, it is clear that even so high a soil temperature 
as 35” C. is insuificient to inhibit the development of the disease except 
on the untreated seed. 

Exp. 2. TJie plan of this experiment was similar to that of Exp. 1. 
The same four treatments were applied, but in this case, in order to 
ascertain whether a still higher temperature would inhibit the disease, 
a wider range of soil temperatures was used, namely, 15” C., 20” C., 
25” C., 30” C., 35” C., 40” C. The only other differences in the two ex¬ 
periments were that, in this case, in place of glasshouse compost, cotton¬ 
growing soil obtained from the Gezira Plain in the Sudan was used, and 



498 Development of Angular Leaf-Spot Disease of Cotton 


that the air conditions were set at 27° C. and an average of 85 per cent, 
humidity. • 

The seed was sown slightly more deeply than in the previous case, 
and this accounts for the longer period before the appearance of the 
seedlings. Germination was good and rather more even than in the 
previous experiments. The numbers germinating out of eighty seeds 
sown are given in Table III. 

Tabic IIT. 


Percenlage giTmination af different teinyeratares (Gezira soil). 




20" C. 

25" i\ 

30' (\ 

35" a 

40" C. 

Time for germination (davH) 

14 

8 

5 

5 (> 

5 

7 

Total no. germinated 

37 

r»3 

(iO 

55 

42 

29 

Germination % 

45*3 

OC-3 

75 0 

08-8 

52*5 

303 


Table TV. 


Exp. 2. Percentage of infection at the diffident temperatures for 
the fom treatments. 


Soil t«emperat.ure 


16 ^ 0 . 

Sterilised externally. 

I. No. of 8eedlill^^s 6 

No. infected 0 

II. No. of seedlings 10 

No. infected 0 

Average % 0 

Untreated. 

I. No. of seedlings 1 

No. infected 0 

II. No. of seedlings 

No. infected 2 

Average % 50-0 

Inoculated plain. 

I, No, of seedlings 5 

No. infectf^d 4 

II. No. of seedlings 6 

No. infected 4 

Average % 80-() 

Inoculated chipped. 

1. No. of seedlings 3 

No. infected 3 

IJ. No. of seedlings 4 

No. infected 4 

Average % 100*8 

Average % for three 81*0 

treatments where in¬ 
fection occurred 


20" i\ 

25^ U. 

30 (;. 

35 i\ 

40" 1 

8 

10 

10 

8 

2 

0 

0 

0 

0 

0 

9 

10 

10 

9 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

K 

8 

5 

1 

5 

0 

.3 

1 

0 

4 

8 

7 

(> 

7 

0 

5 

3 

*> 

0 

45*4 

08-8 

400 

27*2 

0 

5 

9 

5 

0 

2 

2 

6 

5 

3 

0 

8 

7 

8 

3 

3 

8 

4 

3 

2 

1 

77-0 

02*5 

01-5 

55*0 

20-1 

4 

6 

2 

1 

2 

4 

0 

2 

1 

2 

8 

2 

4 

2 

1 

8 

2 

2 

2 

1 

100 

100 

07*7 

100 

100 

75 

72*5 

53*0 

47*8 

21 


Averag(‘ 
for 1) teinjw. 


39-7 


y 03-6 


V 924 
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Infection was more severe than in the earlier experiment, and 2 weeks 
after sowing was apparently completely developed. Examination of the 
seedlings was made 17 days after sowing, except in the case of the seed¬ 
lings at a soil temperature of J 5° (\ when a further 7 days was allowed 
for full development of infection owing to the delayed germination. The 
results ar(‘ given in Table IV. 

It will be seen that the results of this experiment fully bear out those 
of th(»> previous trial. Again no infection was found on the externally 
sterilised seed at any temperature, while some infection occurred in all 
other cases except on the untreated seed at 40° The effect of tempera¬ 
ture in this experiment is more marked, there being a steady fall in 
average infection with increasing temperature wlien the three treatments 
in which infection resulted are considered together. A brief discussion 
of the results of these two experiments is given later in this paper. 

The injhwvrc of soil ieotjwrnU/re o>? seroodarj/ infection. 

In order to test wdiether soil temperature would have any influence 
on the susceptibility of the plant to external (secondary) infection and, 
at th(* same time., to endeavour to obtain confirmatory evidence for the 
theory of jio.ssiblc latem^y and spread of the organism within the plant, 
a further exp(‘riment was carried out on the plants in Exp. 1. The plants 
were allow'(‘(l to grow' oti for a week after the examination for primary 
infc(dion had been made, by wdiich time tliey had r(*ached a height of 
about j 8 inches and had produced several true leaves. These newdy 
formed lc‘aves w’ere entirely free from disease. Four tins, one of each 
sc‘c‘(l trc'atimmt, were tlicni removed from each tank and the plants 
thoroughly sprayed, by means of an atomiser, wdth a strong suspension 
of B. fodlvoeearnm in water. They w’ere returned to the chambers, and 
allowed to remain under the same conditions as ])efore, except that the 
relative^ humidity was increased to 85-IK) per cent, to provide the best 
possible conditions for infection. The sprayed plants occupied the left 
half of each chamber, the four tins of plants in the right half being left 
unsprayed. After 18 days all the plants were examined for infection in¬ 
dividually b The amount of infection was very variable between different 
plants of the same tin, and an estimate of the degree of infection was 
difficult to obtain. Finally the procedure w’^as adopted of grading the 
plants in three classes which are shown in columns 5, 6, and 7 of Table V. 
A plant sliowing a few scattered spots only w^as classed as “lightly 
infected"; up to fifteen lesions on a plant constituted “moderate 
^ This examination was mado by J>r W. B. Bnerley. 
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infection,” while a greater amount of disease was estimated as “heavy 
infection.” 

Table V. 


Inflnence of soil temperature on secondary infection. 


Infection 


Soil 

temp. Treatment 

No. of 
plants 

{ ■' 

None 

Light 

Moderate 

Heavy 

15^^ C. StcriliBecU 

7 

.— 

3 

1 

0 

Untreated 

0 


— 

— 


Iuoculat(jd; 
Plain 

1 


1 



Chipped 

0 

— 

— 

— 

— 

19” C. Sterilised 

5 

0 

4* 

1* 

0 

Untreated 

8 

*^> 

2* 

3 

1 

Inoenlated: 
I'lain 

8 

2 

2 

3 

1 

ClnpjK^d 

4 

1 

2 

1» 

0 

23” C. SWrilised^* 

9 

2 

4 

1 

0 

Untreat/ed 

10 

1 

6^ 

1 

2 

InooulaU'd: 
Plain 

10 

4 

5 

0 

1 

Chipp(‘d 

7 

1 

Ti 

1 

0 

27” C. SteriliHed® 

9 

0 

4 

1 

2 

Untreated 

8 

4 

1 

0 

3 

Inoculated: 
Plain 

10 

0 

Vi 

2 

o 

Chip{>ed 

4 

0 

1 

2 

I 

31” <J. Sterilised 

4 

0 

3 

0 

1 

Untreated 

5 

0 

*> 

2 

1 

Jnoculatfjd: 
Plain 

7 

0 

3 

3 

1 

(■hipped 

0 

0 

4 

1 

1 

^ Plants very small with much re<lueed leaves 
^ One plant with niimerons doubtful Jesions. 

® Plus numerous doubtful lesions. 

* Une plant wdth numerous doubtful lesions. 

* Plus numerous doubtful lesions. 

® Two remaininjr plants with doubtful lesions. 

^ One plant with numerous doubtful lesions. 

® Two remainin^i; plants with <loubtful heavy infection on one leaf of each. 


On the basis outlined the infection at 15"" (\ appears to be very 
slight, but it should be borne iji mind that there were only (dght sprayed 
plants altogether, and that these were extremely small witli only one or 
two very reduced leaves. Tlius the infection in this t^ase was relatively 
as severe as in any of the other charab<»rs. 

It will be seen from Table V that it is impossible to detect any marked 
eflPect in degree of infection due either to soil temperature or to previous 
seed treatment. There appears to be somewhat more infection at 27° C. 
soil temperature, but this is hardly significant. Infection was irregular 
but widespread and occurred at all soil temperatures. 
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The unsprayed plants showed no infection except in one or two cases" 
where a leaf touched one of the sprayed plants, when infection was trans¬ 
mitted by contact to this leaf. The significance of this lack of infection 
will be discussed later. 

Dtsousstoist of results and laboratory experiments. 

Several points are apparent from a study of the results of the experi¬ 
ments described. With regard to the location of the parasite in the se<'d, 
the experiments on primary infection show that, although the seed was 
derived from diseased plants, thorough external disinfection of the seed 
results in the production of healthy seedlings showing no sign of the 
disease. This would appear to indicate that, for these batches of seed at 
least, the organism was not present in a \ irulent state within the seed. 
It might, how^ever, be argued tiiat the treatment with sulphuric acid had 
stimulated germination (a fact known to be the case) and thus enabled 
the seedlings to resist infection. That this is the explanation is not borne 
out, howev(u\ by laboratory experiments on this same seed. Samples 
were taken and subjt'cied to a. more vigorous sterilisation than can be 
achieved by sulphuric, iuid and menuiric (iiloride alone. All cotton-seed 
bears at the micTopylar end a very close tuft of short fuzz which is 
diiiicult to wet, and is not completely nunoved even by 15 minutes* treat¬ 
ment with sul])huric acid. In the tests to be dt‘scribed this tuft was re¬ 
moved bv scraping each seed individually with a scalpelunder a dissecting 
mieroseope until the exterior pr(‘sented a elean siirfaee free frt>m any 
hairs. The seed was then sterilised in I : 5uO inercurie chloride under the 
vatmum pump, washed in sterile water and crushed in sterile broth. 
Ihirallel samples w'<Te first dehusked, llie embryo extracted and lightly 
sterilisinl externally and similarly crushed in broth. Ulatings from these 
samples sliowanl no colonies of B. nnilraveartnH in either cui^e, thedelmsked 
seed producing no organism.s whatever, while the formtu samples gave 
colonies of a number of different s^ipropliytic bacteria and fungi. Control 
samples similarly sterilised, but- not crushed, produced no colonies. The 
organisms isolated in the case of the crushed set'd had, therefore, appar¬ 
ently originated from a position between the S(»ed-coat and tlic embryo, 
or possibly within the micropylar passage. 

Taking these results into consideration, it is reasonable to conclude 
that the seed used in this oxpt'riment did not cont^iin the organism w ithiii 
it, although the seed was (huived from heavily infected plants in the 
Sudan. Some infection occurred, however, on the seedlings from un¬ 
treated seed,"and hence the conclusion is reached that the organism was 
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present on the exterior of the seed or in the fuzz^'^The heavy infection 
resulting from inoculation of the outside of the seed shows that presence 
of the parasite in this position is sufficient to account for severe damage. 
It would appear that more extensive trials in the field with various 
methods of external disinfection of seed might be w(‘ll worth while. 

So far as the effect of soil temperature is concerned, the experiments 
described do not entirely accord with the results givoTi by Massey. In¬ 
fection can occur at all soil temperatures at which grow th of the plant is 
possible, tlie air ttunjxuature being 25'^“27® (/. A falling-off in amount 
is noticeable at temperatures above 30^ (\, but this is not sufKcient 
in degree to render it likidy that sowdng of seed at the tiiiu^ of high soil 
temperature will result in effective control. Low temperatures, oil the 
other hand, appear to increase the amount of infection, even when carried 
below a temperature at which the plant can make reasonable growth. 

Considering now' the experiments on secondary infection, it is seen 
that neither soil temperature nor seed treatment has had any marked 
influence on infection resulting from spray inoculation. This result is 
hardly surprising, since the attack of a local parasite on the purely aerial 
parts of the plant could only be indirectly affected by soil temperature 
through the effect of this facdor on the metabolism and growth of the 
host. If, however, the theory of possible latency and internal sj>read of 
the organism were correct, it wmuld be expected that the iinsprayed 
plants which had been infected in the cotyledonary stage w^ould show' 
further infection when placed under these conditions demonstrably 
suitable for development of infection. Tliat this was not so indicates that 
under these conditions at least internal spread had not taken jdace. 

The accident that a few leaves of the unsprayed plants touched some 
of the leaves of the sprayed and became infected at these points confirms 
the view that infection is easily transmitti*d by contact under humid 
conditions. 


Summary. 

Experiments on the angular leaf-spot disease of cotton carried out 
under controlled conditions lead to the followdug conclusions: 

1. Seed derived from diseascAl plants may give rise to infected 
seedlings. 

2. Tliis infection is due to bacteria carried on the o*itside of the seed 
and in the fuzz. 

3. Thorough disinfection of the exterior of the seed results in healthy 
seedlings. 
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4. The amount of primary infection resulting from infected seed 
decreases at soil temperatures above 30° C., but infection is not in¬ 
hibited at 40° C. 

5. Soil temperature has little or no effect on secondary infection 
resulting from spray inoculation of the plants. 

6. Plants diseased in the seedling stage grow out free from disease, 
if no further inoculation occurs. 
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THE EFFECT OF CERTAIN TREATMENTS ON THE 
GERMINATION OF TOMATO SEEDS^ 

By MARY JOZEFOWIC7.. 

(Cheshtnd Edperimental and Tteacarch Staticm.) 

Introduction. 

The disinfection of seeds by chemical means is now an (established 
process in the (control of many seed-borne diseases, and there is no need 
to discuss the extensive literature on this subject. The experiments 
described below wen* started to determine how different treatments 
affect the germination of tomato seeds. 

Methods. 

Air-dry seeds (‘.ollected in 1928 were used, the varieties being E.S. 1 
and rC.S, 2—two tomato strains raised at tlie above institut('. The batch 
of I].S. 1 seed show(‘d an exceptionally low percentage germination, and 
s('rved to indicate the (‘fleet of chemical treatment on W(*.ak S(mh1s. Two 
batch(^s of K.S. 2 seeds were used and designated E.S. 2 and E.S. 2^ 
respectively. The t('sts were conducted at difterent tinu'S bt*tw(*en January 
and June, and a comparison betwenm series is hardly admissibh*. 

Seeds were sown in tin* usual shallow b()X(*s filled with baked cucumber 
soil. Each l)Ox was divided into two parts and contained two lots of 
50 seeds treated differently prior to sowing. Each s(*(*d treatment was 
repeated in two different box(*s. In some caw's tin* sowing was rep(*ated 
on moist filter paper in Petri dish(\s. No exact temperature records WTre 
taken in the glasshouse although, when possible, tin* night minima and 
day maxima were noted, as well as the temperature thr(‘(‘ times a day, 
and an approximate mean day temperature was calculated for (‘ach 
germination period. The most, interesting results are present(*d in tables 
as actual numbers of germinat(^d seeds at 2-day intervals, and as the 
total percentage germination on the 20th day after sowing. 

To estimate the differences in total percentage germination, resulting 
from different treatments, all results are expressed as a j>ercentage of the 
corresponding controls. A difference is considered significant when it 

* Work (lone when the writer way in England iind(*r an allnwanoe fr(»m the 

Polihh (luvernmeiit. 
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exceeds 10 per cent, of the control for E.S. 1 and per cent, for both 
lots of E.S. 2. These limits are obviously conditional, and are calculated 
on the basis of the greatest difference between a separatt*. control and the 
arithmetic mean of all controls belonging to the same lot of seeds. 

A. Treatment w^ith eunoicides. 

The following (compounds were used as solutions in tap water: 

(1) Formaldehyde (38 -10 per cent, commercial formaldehyde). 

(2) Hydrogen peroxide (20 vols.). 

(3) Mercuric chloride. 

(4) Copper sulpliate. 

The seeds were trciatcd in flasks at laboratory temperature (15-18° C.) 
and an excess of the liquid was alwiiys used (about 20 c.c. for every 
100 seeds), the*, flasks l)oing well shaken during the })eriod of treatment to 
secure satisfa(‘tory wetting of tlie hairy seeds. The seeds w’ere afterwards 
strainetl and either dried on blotting paper or sown wet immediately 
after treatment. 

(I) Formnldehifde fmiinn'td. 

Tables I and II show some of the results obtained by treating seeds 
with formaldehyde solutions. 

It will be seen that in the (‘.ase of weak seeds, while concentrations up 
to I {)er cent, formaldehyde were without effect, those of 2 and 5 per cent, 
markedly (h'creased the percentage^ gerniiiiation. The increased germina¬ 
tion for 5 p(T cent, formaldehyde on the 21th day suggests that a longer 
germination j)eriod would have changed the final figures, and that the 
effect of treatment is largely n^t^irdation of germination. 

TIktc was a striking <liffenmce between seeds sown wet and those 
sown after drying. In the latter ca.se even b*l per cent, formaldehyde 
proved injurious, probably due to the eoneentration of formaldehyde 
around the seed as the result of drying. The injurious effefd of formal¬ 
dehyde in this series was no doubt due to the nature of the E.S. 1 seeds, 
for, as may be setui from Table II, the same treatments, applied to seeds 
of a higher germination power, proved harmless. 

Table II represents results where strong seeds w’ere dried for different 
periods after treatment. Ten minutes’ treatment with all the concentra¬ 
tions tested merely retarded the germination rate, but 2 per cent, 
formaldehyde seemed injurious in 15-miniite exposures. 

An attempt W’as made to correct the injurious effect of formaldehyde 
by various after-treatments, such as drying for 2 hours at 15° C. or 



Table 1. 

The effect of formaldehyde treatments on the germination of tomato seeds. Variety E,S. 1. 
Significant differences in total percentage germination 7*10 per cent, of the controls. 
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Table III. 

The effect of mercuric chloride treatments on germination of tomato seeds. 

P ariety E.S. I. Significant differences in total percentage 7-10 per cent, of control 
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30 minutes at 35° C., washing treated seeds with cither water or ammonia 
and sowing them after drying at 15° C. The effects of these after-treat¬ 
ments could not be stated definitely as the pre-treatment (soaking seeds 
for 5 minutes in a 2 per cent, solution of formaldehyde) applied to E.S. 2 
seeds of a high germination power did not diminish their vitality. 


(2) Hydrogen yeronde ircaimenl. 

Solutions between 100 and 1 per cent, of hydrogen peroxide, 20 vols., 
applied for 10 or 30 minutes to seeds of the variety R.S. 1, resulted 
chiefly in a retardation of germination, most pronounced with the 
strongest solutions. 

(3) Mmoiriv eliloride Ireaimenf. 

Table 111 sliows the results obtained by treating seeds with mercuric 
chloride solufions. 

In all cases germination was retarded, and only the 0-05 per cent, 
solution failed to afh'-ct the vitality of the seeds. The Od per cent, solu¬ 
tion was only slightly injurious, but those of O-oper cent, and above 
were markedly so. (lermination failed in Petri dishes, probably owing 
to the persistence of mercuric chloride, as the seeds were not washed 
after treatment. 

( 4 ) (\)pper sulphate treatinenL 

Tabh‘ 1 \ n’preseuts soim^ of the results obtained. 


Table IV. 


The efjvcl of copper sulphate treatments on germination of tomato seeds. 
Variety 2^. Signijicant d'iffervnces in total percentage germination 
3 per cent, of controls. 


Treatment 

_ ___ 

No. 

of seeds gerimnated, day aft-er sowing 

Total ^0 
germina¬ 

Germina¬ 

tion 

ytrength of solution 

I'ime of 
exposure 

8th 

10th 

12th 

14th 

IGth 

18th 

20th 

tion oil 
20th day 

in of 
controls 

Untreated control 


4 

29 

35 

28 

1 

— 

I 

IKS 

lOO-O 

10 % copper sulphate 

10 mill. 

1 

G 

8 

45 

19 

4 

(> 

89 


^ f» »» 

20 „ 

— 

10 

17 

50 

10 

5 

3 

95 

970 

2 

50 „ 



IG 

52 

10 

7 

5 

90 

98*0 

1 I !! 

100 „ 

3 

9 

IG 

43 

9 

3 

1 

84 

85-7(6) 

0*6 

200 „ 

1 

9 

23 

49 

10 


2 

94 

9G-0(r) 


Nok. The moan day teraporaturo waa 23 6'^ C., the night minimum S o® C. and the day maximum 40*^’ ( 
The treated seeds were sown in baked soil 24 hr. after treatment; dried at 15-18“ C. 

(a) 94 % on 28th day; (6) 94 % on 28th day; (c) 98 % on 28th day. 
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The retarding effect of all treatments is evident, but the percentage 
germination was hardly affected. 

In two other series it has been found that copper sulphate solutions 
between 10 per cent, and 0*5 per cent, applied for 10 minutes and 15 
minutes slightly retarded the germination of seeds sown 24 hours after 
treatment. The decreases in total percentage germination, if any, were 
too small to be considered. Tests in Petri dishes confirmed the results 
obtained in boxes. 

B. Soaking seeds in water of different temperatures. 

{The ^*wet heat'^ treatment,) 

Tomato seeds, E.S. 2 and E.S. 2i in muslin bags, were soaked in 
water for periods varying from 10 minutes to 15 hours over a temperature 
range of 15° C. to 60° C. After treatment they were sown immediately 
in baked soil. Control seeds were sown without any previous soaking. 
The results are given below. 

Table V indicates that soaking in water at 15° C. hastened germina¬ 
tion slightly, the effect being most pronounced after 6 hours^ treatment. 
Some retardation occurred at 35° C. except when the period of exposure 
was 15 hours, which suggests that the beneficial effect of soaking counter¬ 
acted to some extent the effect of the high temperature. A similar result 
was obtained at 40° C., 3 hours’ soaking giving the best result, while at 
46° C. germination was hastened by soaking for 10 minutes, and retarded 
by longer exposures. Soaking in water at 50*5° C. reduced the rate of 
germination still further, and the final treatments at 56° C. and 60*5° C. 
were distinctly injurious. 

C. I Irving seeds at different temperatures. 

{The ^^dry heat'^ treatment,) 

Tomato seeds were heated for different periods in an electric oven, 
the results being given in Table VI. Temperatures of 30°-50° (-. for 72 
hours did not alter th(*. germination, and are not discussed further. 

Table VI shows that air-dried tomato seeds can withstand dry heat 
up to 79-5° C. even for 72 liours, the germination being more or less 
retarded, according to the temperature and time of exposure. 90° C. and 
100° C. proved very injurious, although, in some cases, the seeds still 
retained a fairly high germination power. It should be mentioned that a 
large percentage of seedlings from seeds heated at 86° C., 90° C. and 
100° C. died soon after emergence. The survivors grew very slowly and 
developed abnormally. 



Mary Jozkfowicz 


511 


Table V. 


The effect of soaking in hot water on the germination of tomato seeds. 
Variety E.S. 2. Signific/mt differenci^^ in total percentage germination 
3 per cent, of controls. 


Time of soaking 
and temixvatim*/ 

r — 


Niimlier of smls g('nninatcd, 
day after sowing 

__ __ A 



Total % 
germina¬ 
tion on 

Germina¬ 
tion m 
% of the 

of water 

0th 

8th 

loth 

J2lh 

14th 

loth 

18th 

20th 

20tii day 

controls 

16 ® a 

Untreated control 

1 

20 

35 

37 

6 


1 


100 

100 

3 hr. 

— 

15 

68 

24 

3 

— 

— 

— 

100 

KKl 

6 » 

— 

20 

71 

6 

2 

— 

— 

— 

99 

99 

16 „ 

2 

27 

46 

22 

1 

1 


.... 

98 

98 

36® C, 

Untroatid control 


3 

01 

30 

3 

, 



98 

100 

3 hr. 

— 

— 

45 

37 

10 

0 

— 

— 

98 

KM) 

6 „ 

— 

— 

34 

50 

0 

3 

— 

— 

99 

1009 

15 „ » 



71 

24 

2 

2 


— 

99 

100*9 

40" C. 

Untreated control 


72 

23 

2 

2 

, 



100 

UK) 

J hr. 

— 

38 

,54 

0 

1 

— 

— 

— 

99 

99 

3 » 

— 

82 

13 

1 

1 

— 

— 

— 

97 

97 

6 

— 

59 

30 

3 

1 

1 

— 

— 

100 

100 

16 „ 1 

— 

52 

41 

5 

1 




99 

99 

46“ C. 

Untreated control 


27 

71 

2 

2 

2 



99 

100 

10 min. 

4 

74 

17 

3 

— 

— 

— 

— 

98 

99 

30 M 


31 

05 

3 

— 

— 

— 

— 

99 

100 

1 Jir. 

1 

30 

58 

1 

‘> 


— 

— 

98 

99 

3 « 

— 

4 

84 

9 

— 

1 

1 

— 

99 

100 

0 „ 

— 

1 

74 

21 

3 


— 

1 

100 

1(K)*8 

16 „ 

2 

18 

48 

19 

4 

2 

4 

1 

98 

99 

50.5® (\ 

UntreattHi control 


2S 

53 

13 

3 


1 


98 

HK) 

10 mm. 

— 

5 

85 

7 

I 

— 

— 

— 

98 

100 

30 „ 

1 hr. 

— 

5 

73 

Hi 

2 

4 

— 

_ 

HH) 

101-8 


1 

74 

Hi 

3 

— 

1 

2 

97 

99 

3 „ 

— 

— 

18 

38 

29 

ti 

1 

o 

94 

IM) 

« „ 



1 

11 

38 

28 

11 

7 

90 

98 

15 „ 

—- 

- 

— 

1 

__ 

3 

14 

15 

32 

32-7 («) 

r)0®(*. 

Untreat-ed control 


20 

35 

22 

9 

3 

3 

2 

94 

HK) 

10 mm. 

— 

7 

8 

6 

4 

1 

9 

1 

35 

37-3{6) 

30 „ 


3 

3 

4 

4 

1 

4 

_ 

19 

20 2 (c) 

1 hr. 



2 


1 



1 

4 

4 3(d) 

3 

— 

-- 


— 

— 

__ 

__ 

— 



0 „ 

— 

— 

— 

— 

— 

— 

— 

— 



00*5" (\ 

Untreated control 


Hi 

43 

20 

8 

5 

3 


95 

HK) 

10 rnin. 

— 


2 

3 

7 

2 

0 

2 

22 

2S-2{e) 

30 „ 





— 

— 


— 



Ihr. 

— 

— 

— 

— 

— 

— 

— 

— 

— 



Note. The mean day temi)erature woh 23*5" C., the night mininuiin 5 C. and the day maximum 
42" C. 

* The temprature fell overnight to 30" C. f Temperature fell oveniight to 35® C. 

The following are percentage germinations ajNier periods exceeding 20 days: 

(a) 86 per cent, on the Slst day; {b) 50 iwr cent, on the 32nd day; (c) 20 per cent, on the 32nd day; 
{d) 8 per cent on the 23rd day; (e) no further increase till the Slst day. 
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The writer is much indebted to Dr W. F. Bewley, Director of the 
Cheshunt Experimental and Research Station, who suggested these 
experiments. 

Summary. 

1. The effect of soaking tomato seeds in certain compounds and of ex¬ 
posing them to varying periods of wot and dry hcfit has been investigated. 

2. Dood seeds (germination power 99 per cent.) withstood 
solutions of formaldehyde, not stronger than 2 per cent. (1 part per 
volume 118 R) per cent, commercial formaldehyde, to 19 parts water) for 
10 minutes, and not stronger than 1 per cent, for 15 minutes, followed 
by drying at 15 18^ A 5 per cent, solution for 10 minutes, which was 
without effect when seeds were sown wet, retarded the germination after 
drying but did not affect the seeds' vitalitj. 

3. Seeds of an inferior quality (80 per cent, germination) withstood 
solutions of formaldehyde not stronger than 1 per cent, for 5 minutes 
when sowm wet, and were affected even by 0* 1 per cent, formaldehyde 
for 5 minutes when dried after treatment. 

4. 100, 50, 35, 10, 5 and 1 per cent, solutions of hydrogen peroxide 
(commercial 20 vols. hydrogen peroxide) for 10 and 30 minutes, followed 
by drying, retarded germination, which w'as more pronounced with 
stronger solutions, the vitality of the s(‘eds being ])racticallj^ unaffected. 

5. An 0‘05 per cent, mercuric chloride solution for 10 minutes proved 
harmless, but high<»r concentrations and longer treatment either checked 
the germination of dried seeds or retarded it markedly. 

(). The vitality of seeds w^as not affected by copper sulphate solutions 
as follows: 10 per cent, for 15 minutes, 5 per cent, for 20 minutes, 2 per 
cent, for 50 minutes, I per cent, fur 100 minutes and 0-5 per cent, for 
200 minutes, but the germination in some cases was markedly retarded. 
A 5 per cent, solution of copper supliate for 10 minutes proved practically 
harmless. 

7. (lood air-dried seeds withstood hot w^ater at 35 10"' i\ for 15 hours 
and at 50*5^ C. for I hour without any important injury. Hight^r tempera¬ 
tures decreased the percentage germination markedly even after 10 
minutes' soaking. 

8. Air-dry seeds were not affected by exposure to dry heat of 
30-50'^ 0, for 72 hours. They withstood dry heat up to 79*5'' even for 
72 hours, the germination, however, being more retarded as the tempera¬ 
ture and time of exposure increased. Temperatures above 79-5'' C. 
proved very injurious at 10 minutes’ exposure. 

(Received February 25^A, 1930.) 
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SOME OBSERVATIONS ON TOMATO PLANTS FROM 
SEED SUBMITTED TO HIGH TEMPERATURES^ 

By MARY JOZEPOWICZ. 

{Cheshimi Experimental and Research Station.) 

(With 4 Text-figures.) 

During an investigation of the effect of heating tomato seeds (2) attention 
was drawn to the abnormal appearance of the seedlings from seeds heated 
at temperatures between 85*^ 0. and J 00° C. Their growth was abnormally 
slow, the hypocotyls were short and thick, and the cotyledons were 
fleshy and distorted. Usually one cotyledon was more affected than the 
other, and frequently only one developed. The plumule failed to produce 
a normal shoot, being represented by a callus-liko sw'clling. A high per¬ 
centage of the seedlings, especially those from seeds heated at 90° C. and 



Fip;. 1, Tomato seedlings (nat. size): A, normal; B, abnormal. 


100°C., died soon after emergence, roots being absent in every case. In 
those surviving the primary root was ai)sent, but a few secondary roots 
had developed. Fig. 1 shows a normal (.4) and abnormal (B) seedling. 

A number of the abnormal seedlings were potted for better observa¬ 
tion. Some developed only a few fleshy dark green leaves, frequently 
misshapen and curled, like plants shown in Fig. 2. Amongst these was 
one which developed a normal shoot on a distorted leaf (Fig. 2, E). Home 
of the seedlings although abnormal when potted became normal later, 

^ Work done in 1929 when the writer was staying in England under an allowance from 
the Polish Government 
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an apparently normal shoot having developed from the swelling formed 
in place of the plumule (Fig. 3, D, E, F, G). In some cases more than one 
new shoot developed. Occasional individuals were apparently quite 
normal (Fig. 3, H). The observations could not be continued to the final 
stages of growth, and no data are available concerning flowering and 
fruiting of the abnormal plants. In further trials, described below, an 



Fig. 2. Tomato plants raised from heated seeds. E, developed a normal shoot, a, 

(Nat. size.) 


attempt was made to counteract the injurious effects of high temperatures 
by pre-drying the seeds at lower temperatures. 

Commercial seeds of the variety Tuckswood were heated for varying 
periods at lower temperatures and then exposed for 1 hour either to 
90® C. or to 88® C. Treated seeds were germinated on moist filter paper 
in Petri dishes, some of the sprouted seeds being transferred to pots of 
soil later to observe subsequent development. Germination occurred 
partly in darkness at 20-22® C., and partly in light at laboratory tempera- 



516 Observations on Tomato Plavits from Seed 

ture, approximately 18® C. The heated seeds germinated more or less 
abnormally. The primary roots failed and the seedlings were twisted and 
distorted as shown in Fig. 4. In a few days new roots pushed through at 
the base, usually on the convex side (Fig. 4, m). When new rootlets 

replaced the injured primary root the seedling assumed a fairly normal 



3. Tomato plants froin hnuted seeds. F and (f, four surressive developmental 

' stages of a plant from seed heated at C3. foi 10 minut(‘8. //, apparentlv normal 
plant from heated seed. (Nat. size.) 

appearance (Fig. 4, n, i). A proportion of the seedlings, probably those 
most severely injured, failed to develop new roots and soon decayed. 

Distortion of seedlings was dtie to the ti.ssue being injured on one side 
of the hypocotyl. Such injury was indicated by patches or stripes of 
white tissue. The a£Eect(*d regions, in many cases visible to the naked eye, 
always appeared on the concave side of the embryo, extending from the 
injured root end up to the plumule and further along the innermost 
cotyledon. The latter remained more misshapen than the outer cotyledon, 
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and sometimes failed to develop. The injured tissue fell away in pieces, 
during the course of further development, leaving deep wounds (Fig. 4, 
o, p)* The latter healed gradually, and in severe cases distinct scars could 
be detected along the hypociotyl and on the cotyledons. 

Seedlings which germinated late pushed th(‘ir cotyledons tliroiigh the 
seed-coats first (Fig. 4, r, .s). Most seedlings which germinated abnormally, 



Fi'j. 4. /j, r su<*(r‘s«ivo ircrmmntion of nu untn*at(Ml (, nat. size.) 

d u, ([ i\ s, ahnorniallv; 7 of thf* wuno a.s c. (j nat. 

) 

o: l>aso of an almoniial Moodlin^ showing Uotaflinicnt of tho injurt'd tinsiie, nat. 
sizo.) 

/>; part of the hy|x»cot\l (»f :iii almonna! htHnlliim showini^ pnH‘<\s of injumi 
in tlk* loiiLdtiidinal wound. (', nat, 

t hfuso of an apparently nonnallv trenninatini: ’^(M‘<nin^r, (y nat size ) 

?/ ’ einbtyo from an untr<‘atecl secnl. (', nat, size.) 

v: omhryoH from heaU’d seed showing eallusdike granulation »n different parta. 
(1 nat. Hi/e.) 

w: heated embryo Avhich eonimenwl j'mwth inside the seed coats. {'I nat. size.) 
z: seetilinjL? frotn a heated seeii. (V nat. size.) 


and also some which appeared normal developed into altnormal plants. 
The germinal ion records and the grouping of seedlings obtained from the 
various treatments are given in Table I. 

The injurituis effticts of liigh temperatures wtTo reduced by previously 
drying at lower temperatures, but germination was still retarded. 

In Series I the mortality of the seedlings in Group A was greater than 



Table I a. 

Showing the effect of pre-tJnjing tomato seeds prior to heating at high temperatures, 

% ^Termination 
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Groupmi( of se^fllmgs about 4 weeks after potting 
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in Group B, and the abnormality of the survivors more pronounced. The 
percentage of plants with a distinct scar along the hypocotyl, taken to 
indicate the degree of injury, was also higher for treatment A. 

In Series IT treatments I and 3 both gave a fairly high percentage 
germination, the longer period of pre-drying proving most effective. 

The fairly high [)orcentage of normal plants raised from abnormally 
germinating se(MLs (‘5) suggests that the basal growing point of a tomato 
embryo is least resistant to heat. The development of abnormal plants 
from apparently normal seedlings may be explained by rejdaeement of 
the injured primary root by secondary organs which })roduc.ed a more or 
less normal appearance. The abnormality of those seedlings (».ould hardly 
be detected. The next parts attached wctc the apical growing point, the 
hypocotyl, the inner and, lastly, the outer cotyledon. 

Seeds whifdi faihnl to germinate were dissected to (*xamine the 
embryos. A numbcu* vrcTe decayed, but some schemed sound and had 
commenced to grow within the seed-coats. They possessed gn^en cotyle¬ 
dons and hypocotyls, tin* root ends only having retained the white colour 
of a dormant embryo (Kig, 4, w). In some cases only })arts of the em¬ 
bryonal tissue seemed to have retaiiu*d tlieir visibility, (*allus-like granm 
lations being fornu'd in those places, chlorophyll b(*ing pn‘H(*nt (Fig. 3, r). 
A number of embryos resembled those from md.r(‘at('d sei'ds (Fig. 4, h). 

A similar abnormal germination was mentioned ])y Taj)kef:b in wdieat 
treated with hot water, and a very interesting description of abnormalities 
in HelianOms aninis c,a used by higli temperatures is given by (blind). 

The writer is much indebted to Dr W. F. l>(*wl(*y, Din^ctor of tin* 
Gheshunt Kxperim(‘ntal and Research Station. 


SlfMMARY. 

1. The results of pre-drying seeds prior to heating at high tempera¬ 
tures and a description of abnormalities in tomato seedlings caused by 
heat are given. 

2. (Commercial tomato seeds withstood 1)0° C. and 8H lOO'^G. for 
1 hour better when previously dri(*d at lower temperatures, their germ¬ 
ination being, however, markedly n*tarded. 

3. Part of the heated seeds g<*rminated abnormally, and the develop¬ 
ing plants were more or less abnormal. The j:)rimary root did not develop, 
tlie cotyledons were misshapen, and the plumule failed to develop into 
a normal shoot. 
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i. The longer the period of pre-drying, the higher the rate of gerniiiia- 
tioii, and the less the degree of abnormality. 

5. The basal growing point of a tomato embryo is h^ast resistant to 
heat, the apical growing point, the hypocotyl, the inner and, lastly, the 
outer cotyledons following in order of resistance. 

G. Embryos unable to push through the seed-coats can grow for a 
certain period within them and develop chlorophyll. 
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Introdiictjon. 


Ik the year 1923 several s(‘e(ls mixtim‘H (mostly of the Oo(‘kle Bark type) 
were laid down in large jdots in a fiel<l on the Farm at Seale-Hayne 
Agricultural College, Devonshire. At the same time* small plots of the 
door-mat type were sown down in the Botanical ground wliicli were 
exact replicas of the larger j)lot8. A few other mixtures wert* sown in 
similar plots—106, ITu, and 17 6—for comparison. Plot (>6 was a blend 
of a Cockle Park and Elliot Mixture. The seeds mixturevs sowui are given 
on p. 542. 

The original intention was to use the small plots, w^hich were not laid 
out on the chessboard system, as demonstration and observation plots. 
Chiefly due to drought the large plots unfortunately failed, so that all 
information had to be derived from the small plots. In such small plots 
the experimental error is high for any yield comparison. Consequently 
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small differences are not stressed unless the botanical analysis and field 
notes support the superiority of certain plots. The chief aim was to follow 
the changes in the composition of the herbage and to note the competition 
between the various plants composing the pasture. No manures were 
added either before or during the experiment, so that any weakness would 
be readily shown. Much valuable information was obtained regarding 
the changes which occurred before the pasture settled. This is not only 
of importance to south-western areas, but makes a v(!ry interesting 
comparison with the results obtained by the Welsh Plant Breeding 
Station, which were published in 1928. 

Plots; Sb:eos sown and conduct of experiment. 

The pasture plots were laid down in small areas 2 yards by 2 yards 
under similar soil and other conditions to the Huy plots (5). The Hay and 
Pasture plots were in close proximity. The beds were prepared and the 
seeds sown by hand in April 1923. No cover crop was used. 

The small plots made a good start, with the ex(*/eption of four, which 
lagged for two weeks before the seeds germinated. Soon after this dry 
spell, however, they all grew and continued to do so till the end of the 
experiment. It was this dry spell which upset the large plots, and un¬ 
fortunately they never sufficiently recovered to make any work on them 
reliable. 

The method adopt<*d was to cut the plots and weigh green, being the 
same method adopted for the May plot^(r>). After weighing a sample was 
carefully drawn from each plot, dried indoors and analysed, tlie various 
ingredients being kept in separate packets; and when all analyses were 
finished the whole of the various ingredients were weighed on the same 
day so as to avoid any undue error. The margine effect is not great in 
closely-cut herbage. Even in 1927 there was no invasion from the turf 
permitted to grow tow^ards the end of the experiment. Tlie nelds are left 
as pounds and ounces (Ib./oz.) and not stated as w eights per a(ue. Slight 
differences in weight are not stressed, as the plots wore regarded more 
from the botanical than the agricultural point of view. Many of the 
deductions are based quiti^ as much on field notes of the growing plants 
as on the actual weight data. Generally the tw o were very miudi in agree¬ 
ment, and it seemed doubtful if there would have been any marked 
difference in the results had the plots been repeated on the chessboard 
system. In fact the most valuable result of the investigation was the 
intensive study of what normally happens under field conditions in a 
considerable area of South Devon. It was most unfortunate that pressure 
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of other work made it impossible to attempt more than one analysis per 
annum, and that anything in the nature of a chemical analysis was out 
of the question. 

There were two mishaps in the analysis, which prevent a complete 
series. In J923 the samples drawn for analysis from IGi, \1 n and 176 
were, owing to a misunderstanding, thrown out along with some old Hay 
samples. Again, in 1924, the samples of ha and 56 were partially burned 
by a student working in the laboratory. In both cases it w^as too late 
to obtain another sample, and botanical analyses of these plots are not 
available. 

The frequent absence of the WTiter on advisory work rendcTcd th<‘ 
harvesting and analysis rather diflicult and, at times, impossible. 
It was therefore arranged that ]\lr A. ('osway, B.Sc., would 
conduct all the harvesting, weighing and analysis, and thus k(‘(q) the 
sequence intact while the plots were in exist(mc(‘. To Mr (?osway I am 
deeply indebted; but for his assistance the work could not have been 
undertaken. 


(5iAX0ES in VKOKTATION. 

1923. (Tables 1 and III.) Although the plots were sown at the same 
time on soil carefully prepared and similar in every resjx'id, yet four cd 
the plots did not make a good start. Blots 1 ^/, 5 n, (>a and 76 were slightly 
later in covering the ground with vegetatif)n. The seeds germinated 
slower, but the bad start retarded the progress of th(‘sci plots for a. time. 
This was particularly the case with In and, to a liisser extent, with on; 
the other two recovered rapidly and gave satisfactory yields. Idot 4n, 
having no Wild White Clover, naturally suffered more, owing to the loss 
of soil moisture; even 46 with Dutch White did much better. 

The outstanding feature during this year was the extraordinary 
growth of J 6. The chief reason was the Italian Kye (Irasa giving it a good 
start. In 17a the Kye was on the heavy side, and depressed th<* r)tlu‘r 
grasses and Red Clover. It brings out the importance of the proportions 
of the various grasses and clovers sown, lietween most of the plots the 
difference in yield was not large and should not be over stn‘.s8ed, owing 
to the fact that the experimental (*rror is considerable (Table I). 

The composition of the yield at the time of analysis is interesting 
since, in 1 6, Red Clover gave the chief weight with 34 per cent, of the 
yield, Italian Rye Grass coming next with 24 per cent. Plot 6 a had 
68 per cent. Perennial Rye Grass and only 11 per cent. Red Glover. 
Evidently 16 lb. Perennial Rye was too much for 4 lb. Red Clover, lu 
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166 Bed Clover was the chief ingredient, Cocksfoot holding Rye in check, 
but in \1 a Italian Rye Grass was more prevalent than Red Clover. Had 
this not been the case 17 a would have given a much heavier yield. In aU 
plots the yield was provided by Rye Grass and Red (lover in varying 
proportions. 

1924. (Tables I and IV.) The yield this year was naturally higher than 
in 1923, and there were 4 cuts in place of 1 cut. The order of the plots w^as 
altered, Ala heading the list, with '2a close behind. In 17a the Italian 
Rye Grass gave the early yield, but latterly Red Clover was the dominant 
plant. The analysis of the May cut is, of course, no true guide to the year's 
growth, but does indicate the grow'th at that stage. There w'as not a 
marked difference between most of the plots, but 76 and 26 fell beliind 
the general yield of the plots. They subsequently occupied a much higher 
position, and gave reasonable yields. 

Rye Grasses again gave much towards the yield, but Red Clovers gave 
much more in comparison. Black Medick or Trefoil also gave a high yield 
in some cases. Its semi-prostrate habit of growth rather depressed the 
yield of 166 and, to a certain extent, also in 7a. The high proportion of 
Black .Medick in 16a is very noticeable. The antagonism between Italian 
Rye Grass and Broad Red had given it a good chance. Its presence 
d(‘pends largely on comptdition. If competition between it and other 
plants is too fierce it makes no headway. This is practically realised by 
farmers, who generally include it as a stop-gap. A glance along the 
figures in Table IV (1924) shows that the rate of sowing is no guide to its 
yield. Timothy shows the same tendency, for its proportion varies from 
a trace to about 10 per cent. Blot 66 was very intere.sting, since there 
was keen competition between the plants. Burnet seemed to make great 
progress and, unfortunately, rather retarded some of the other plants. 
Cocksfoot and even Timothy were evident in the yields and beginning to 
make their j)resence felt. 

1925. (Tables 1 and V.) The yield this year was not vso good as in 
1924 (Table I). This is not due to any marked seasonal difference, but 
was evidently caused by the more frequent cutting, pai*ticularly during 
a period of drought when recovery is difficultdO. This year five cuts were 
taken instead of four the previous year. The frequent cuts seemed to 
afford the plants too little time to recover, and the short herbage suffered 
somewhat during the heat of the summer (20). The removal of cut herbage 
with no manures to make good the loss adversely affected both growth 
and recovery. After September there was nothing to cut. Normally, in 
the south-w'est, there is a considerable amount of growth after this date. 

Ann, Biol, xvn 34 
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There was still considerable fluctuation in the yields of the various plots, 
but, apart from 1 h and 66 which gave the heaviest yields and ba which 
was very light, the rest did not differ very markedly, taking all the factors 
into account. 

The analysis made this year in March is only a guide to the nature of 
the early growth and not to the year's growth. Naturally Rye Grasses 
bulked large, especially Italian Rye. This is largely due to the constant 
cutting preventing flowering and seeding(nn. The amount of Italian Rye 
Grass in the other cuts was not nearly so high. Even at this early stage 
Cocksfoot is steadily increasing, and it is clearly seen that there is marked 
antagonism between this grass and the Italian Rye(nn. Wherever 
Italian Rye is dominant Cocksfoot is small in proportion, when Perennial 
Rye is dominant Cocksfoot gives a high yield (or/, On, 166, 176). In 76 
Cocksfoot is the dominant plant with 45 per cent., while Italian Rye is 
10 per cent. In 17n, where Italian Rye is 89 per cent., Cocksh^ot is only 
3 per cent. This year, although Rye Grasvses gave consideraldy towards 
the yield, Cocksfoot gave much towards the end of the year, while 
Timothy was also present. Fescues and Chicory addi*<l a little in the 
later cuts, and there were now traces of Bent Grass in .sevt'ral plots. This 
year was a critical period; Rye Gra.ss and Red Clov(‘r were not so plenti¬ 
ful, and (Cocksfoot and Wild White had not quite developed sufficiently 
to occupy any bare space. It is just at this stage that Bent makt‘s an 
appearance. 

1926. (Tables I and VI.) This year it was decided to allow the plots 
to reach a good growth before cutting. This was to enable them to re¬ 
cover from the previous severe cuttings, and also to get an analysis which 
would provide a better guide to the actual growth and yield of tin* plots. 
Plot 66 takes lirst place with 6u following, and 176 not far behind. The 
yield of the plot giving the heaviest w^eight. was dm* to Burmd, IRhI 
Clover and Rye Grass, while in the otliers Cocksfot>t and Red Clover were 
the chief factors giving weight, although Perennial Rye still gav(‘ a good 
addition. It will be noted that Burnet has seriously depressed the yield 
of Cocksfoot in 66. It ivS evddent that Cocksfoot in most ca.ses is the 
dominant plant, although Perennial Rye and Red Clover are still present 
in appreciable amounts. Another point in connection with early cutting 
is that Red Clover lasts much longer and gives good yields. Timothy is 
also present to some appreciable proportion, but the frequent cuttings 
and dry spells after cutting seemed to do it considerable harm. Italian 
Rye Grass is still present, but its amount is dwindling. The high pro¬ 
portion of Fescues in 5 6 is very interesting; it show^s that with the decrease 
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in quantity of Italian and l^erennial Rye these grasses are able to add to 
the yield. It is evident that neitlier Cocksfoot, Timothy, nor Red Clover 
is responsible for the failure of this grass in most mixtures, but that the 
blame must be placed on the Rye Grasses (19). Italian Rye Grass has 
virtually disappeared from 17^ in spite of the heavy seeding. 

The question of Buttercups and Burnet is a difficult one, for Butter¬ 
cups seriously affect^^d 1 b, while Burnet greatly reduced the yiehl of (jh» 
In both cases these plants are not favourites with stock, and for that 
reason a deduction should be made from the total weight of the yield to 
give some indication of the yield available for stock feeding. This would 
materially altcu* the order of the plots as far as yield is concerned (Table I). 

1927. (Tables I and VII.) The first cut was taken in M«ay so as to 
enable the plots to make good growth, and to grow sufficiently before the 
summer <lrought set in. Tlie season, however, being moist there was not 
the same <langer, while the total yield was higher (Table I). No cut was 
taken after August, and the plots were turned in shortly after the early 
part of 192<S. IVrhaps one of the outstanding characteristics is that the 
yield of th«‘ two highest yielding plots is, in 1 />. composed of a high per¬ 
centage of Buttercups (22^), and in i]b to to ])er i*ent. Burnet. This 
greatly lowers the (juality of the yield as previously pointed out, and 
naturally places t]]i‘S(' two plots much lower on the list than they are 
according to bulk yield (Table 1). Burnet ]ia<l a most depressing effect 
on many of tlie ingredients in (>/>, and would have been better omitted. 

It is evident hy this year that the plots are now tending to fall into 
groups (Table 1). Not only so, but the more typical (bckle Bark plots are 
giving the best results. Plot 15r/ had not ijuite recovereil from the early 
year’s yield, but had mattuially improved, in is suffering owing to lack 
of Wild White Clover to conserve the surface moisture and add nitrogen 
to the soil. Even the presence of Red (.lover is flattering, since it gave a 
high proportion i>f a poor yield, while the 9 per ('ent. Dock aud (> per (*eut. 
Bent indicate the poor state of affairs in this plot (Table VII). Bent is 
on the increase, largely due to the decrea.se in Red Clover and Rye 
(irasses. The Perennial Rye (irass-Wild White Clover association is not 
yet quite stabilised and, therefore, not affording the neccvssary competition 
to keep Bent and other inferior grasses in check. Wild White Clover, 
however, would ultimately arrest this spread and improve the plots. The 
increase in Red Clover this year w’as noticeable; some of the seeds had 
recently germinated. 

Cocksfoot is now definitely dominant in most plots. Rye has reached 
a more or less steady figure. Red Clover, though still persisting, is not 

34—2 
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prominent and is steadily dying out, while Timothy is in the same con* 
dition, and as moisture was plentiful competition is the chief cause of 
failure. Wild White (lover is making great progress and indirectly adding 
to the yield. Even directly it has given in some cases an appreciable 
yield. This spread of Wild White Clover is bringing the various plots 
more into line, and in the course of time there would be very little 
distinction between many of the plots. 

Yield considerations. 

Although any strict comparison of yield with single small plots is 
quite out of the question, a brief consideration of the position of the plots 
is of some value. As the history and change in the vegetation were under 
observation, it is possible to draw some broad comparisons bet\reen 
certain of the plots, particularly with relation to the seeds mixture sown. 
The practical test of the success or otherwise of a pasture is the keep it 
affords, the amount of stock it can feed, and the gain in weight and con¬ 
dition of the stock, or the products of the stock (milk, wool or meat). In 
the present case one must rely on the yield and the comj)Osition of that 
yield. 

Hdij, (Tables I and II.) Hay yield has been estimated by adding the 
cuts for 1923 and April, May and June 1924. This would approximately 
be what a farmer might expect for the first cut, and most farmers take 
a cut of hay before pasturing the field. 

Plot 1 b wuis by far the heaviest, with 17a next. These were the plots 
with the heaviest seeding of Italian Kye Grass, (I and 8 lb. respectively. 
The remainder of the plots, with the exception of the last three, 4 a, 5a 
and 26, w'ere arranged in three groups with little difference between 
them. Plots 2a, 17 6, 3a and t)6 formed the first group. Idots 7a, la, 
1C 6, 36, 6 a and 46 formed the second group: and 56 and 76 the third 
group. 

Plot 2a o<‘cupies a rather high place, but with only 4 lb. of Cocksfoot 
the Eye Grasses had no serious competition except from the ( lover. The 
same is true of 17a, where there was 8 lb. of Italian Eye against the usual 
10 of Cocksfoot, and 16 when 6 lb. of Italian Eye Grass successfully 
competed with the 8 lb. of Cocksfoot and 4 lb. of both Ked Clovers. 
Plot 3 a also occupies a high position, and here the Eye Grasses got w^ell 
ahead of the Late Eed Clover. It was evident, howrever, that its sub¬ 
sequent yields suffered as a result of this, as its position in the total yield 
was low. It will be noted that 166, the Cocksfoot mixture, with Broad 
Eed did not give a very heavy yield, and 3 6 with 6 lb. of both Clovers 
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was even lighter. Dry spells seem to affect Broad Red more than Late 
Red, while an injudicious mixture of both Reds reduces the yield. Both 
these points have been noted in county plots. 

Considering the plots with no Italian Rye Grass 176 was tlie best, but 
12 Perennial Rye, 8 Cocksfoot, and 2 Timothy gave the Late Red Clover 
a good chance, and it came away strongly in the later part of the year. 
Plot 66 (Elliot Mixture) owes its high position to Burnet and (1ncory(iaj. 
Plot 166 was not too successful, owdng to the lack of l.ate Red. Plot (Ui 
did not occupy a high place, wdiile 76 and on were very low. It seems, 
therefore, that unless there is some compensating factor or factors, the 
omission of some Italian Rye Grass tends to lower the yield. This is due 
to the absence of the shelter afforded by Italian Rye Grass during the 
early stages of the slower growing plants. 

Pastnre. (Tables I and II.) The pasture yield was asses.sed by adding 
all the cuts obtained after the Hay yield. This represents wdiat w^ould be 
available for grazing purposes. 

As far as })asture yield is concerned, 1 6 and 66 are ea.sily first, but the 
high proportion of Buttercups in 16 and Burnet in 66 lowers the value 
considerably. Stock are not too partial to Burnet, as was recorded by 
Elliot (1) and Carruthersiib, although there seems some doubt on the 
matter. Personally w’e iind it seldom eaten if better food is available. 
Plots 17 0 and 6u are next, both plots with typical Cockle Park Mixtures, 
11 (f having 8 lb. of Italian Rye w’hile 6u had none. Plot 26 ranks next, 
and the rest follow' in fairly even sequence, till -1 n, which lacs far behind. 
Plot 1 a had no Wild White (lover, and that is the explanation of its failure. 
Plot 46, just above it, had also no Wild White but 1 lb. Dutch White. 

Examining next those plots wdth no Italian Rye Grass it will be noted 
that, with the exception of 66 and 6(7, they do not occupy a high position. 
Plot 66 w'as compensated by Burnet and Chicory, while 6 a had more 
Perennial Rye (161b.). Plot 176 had a light sowing of Perennial Rye 
(12 lb.) and 7 6 vras still on the light side (14 lb.), although it had 2 lb. of 
Wild White Clover. This last plot, how'cvcr, was rapidly improving, and 
w'ould later have taken a higher position. Plot 166 was upset by the use 
of Broad Red Clover, while 5 a had a light sowing of Perennial Rye 
(14 lb.) and Cocksfoot (8 lb,), instead of the more usual 16 lb. and 10 lb. 
respectively. 

It is evident, therefore, that although some Italian Rye Grass does 
much to help the start of the pasture, provided the mixture is well 
balanced, any primary disadvantage will tend ultimately to diminish, 
other things being equal. 
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Total yield, (Tables I and II.) Considering the total yield, 16, 66, 
17 a and 6 a stand well above the others. After this the plots fall into two 
large groups, 7 a, 176, 2 a and 76, with very little between them. Then 
after these there is the group of plots 1 a, 2 6, 3 6, 5 b, 3 a and 16 6. With a 
considerably smaller yield come 4 6 and 5 a, then far behind other plots, 4 a. 

Plots 1 6 and 66 occupy a rather flattering position, as already indi¬ 
cated. This means that 17 a and 6a (Cockle Park) would be the best plots. 
If we consider the other Cockle Park plots, 7 6, which is in the first large 
group, had no Italian live Grass but 2 lb. of Wild White Clover. Plot 17 6 
had only 12 Ib. Perennial, 8 lb. of (V)cksfoot, J Wild White CloA^er and 
was placed in the first large group. Plot 16 6 had 4 lb. of Broad Red 
Clover and no Tt<alian Rye Grass. Broad Red rather upset the balance 
in 1923, and the plot suffered on this account: and it was only latterly 
that it began to take a better place. It occupies the lowest place in the 
second group of plots. Plot 3 a had 8 lb. of Cocksfoot instead of the usual 
10, and is placed in the second group just above 166. Plot 7 a is rather 
interesting, since only 2 lb. of Late Red Clover were sown. Rye Grasses 
dominated the plot till the later phases, when Cocksfoot increased in a 
remarkable manner. Red Clover gave a steady but never a high yield. 
Cocksfoot developed late, due to the predominance of Rye Grasses and 
insufficient Red ClovTr to keep the Rye in check. Plot 7 a took the highest 
position in the first group of plots. Thus it seems that the typical Cockle 
Park mixture of 16 Rye Grasses, 10 Cocksfoot, 1 Timothy, 4 ]>ate I{ed, 
1 Wild White, etc., is the most satisfactory and, other things being equal, 
gives the better yield (17). The high position of 2a is interesting, since it 
had only 4 lb. of Cocksfoot. It will be seen that in 1924 and 1925 Red 
Clover })ulked largely in the cuts. Rye and Red (lover held (Cocksfoot 
in check till very late in the year 1926. It is rather significant that 4 a, 
by far the poorest plot, had no Wild White Clover or White Clover. 
Plot 46, with 1 lb. of Wliite Clover, was also poor. Plot 5 a was slightly 
behind 4 6, but had only 14 instead of 16 lb. of Rye Grass and no Italian 
Rye, while there were 81b. of Cocksfoot instead of 19, and no extra 
seeding of other things to make up the deficiency. 

Plot 36 with 6| lb. of Red Clover (4 Broad Red and 2^] Late Flower¬ 
ing) does not occupy a high position. Increased seeding may actually 
lead to a decrease. The mixing of Broad Red and Late Flowering Red 
Clovers is not often a successful procedure in the south-west. This had 
previously been noted in certain county plots(iiq. 

It is quite evident from the .figures (Table II) that the well-balanced 
seeds mixture gives the best result, and that the Cockle Park type is 
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superior, although 2 a takes a high place considering the fact that only 
4 lb. of Cocksfoot were sown. The high yields of 1 b and 66 are misleading, 
since a large proportion of the bulk is unpalatable material. The figures 
show how important is the competition of the ingredients of the seeds 
mixture. Any plants in undue proportion or of too great competitive 
power ((\g, Burnet) may not only upset the vegetation, but seriously 
reduce the yield of palatable plants. The importance of Kye Grasses and 
Red Clover in the early stage and Cocksfoot and Wild White Clover in 
the later stage is very evident. 

Discussion. (Tables 11 [“VII.) 

The failure of the large plots and the success of the botanical plots 
provid(‘d a very valuable object lesson. The field where the large plots 
were laid down was about the same as regards soil conditions as the 
botanical plots, although the latter were ])erha])S slightly better. The 
large plots had the advantage of a cover crop. lf*ss exposure, and adequate 
manuring. The tilth of ilie botanical plots wuis finer and the soil was 
cleaner. The botanical plots were on a good slope exposed to the sun. 
Hence, apart from tlie disadvantage of no cover crop, no manures, and 
more exposure, the botanical plots had only better tilth and some greater 
freedom from weeds. But it was this which just tilt(*d tlie balance in the 
dir<‘ction of suf‘cess for the botanical plots. It brings homt‘ very clearly 
how small may l>e the margin between success and failure in field work 
under practical conditions, where tliere are so many and often conflicting 
factors at work. It is on tliis account that plot work is so valuable in 
oft<*n indicating the direction in which success raav lie. 

In the early stages it was noticeable that the plots with Italian Rye 
(»rass not only gave the most vegetation, luit that the early growth of 
Italiaii Rye sheltered tin* other plants{UO, did much to conserve soil 
moisture, and improved the germination of the slower growing grasses 
and eloversdsu. The conservation of moisture may perhaps be a little 
on the high side for, by plot 16 was covered with RantuiCNhis 

repcifs. In spite of this there was aii appreciable amount of Wild White 
Clover. During drought s})elis the initial advantage of the Italian Rye 
Grass plots was maintained, since the moisture conserved in the early 
stages enabled plants to make more growth and to root deeper. This is a 
most important point in the use of a small quantity of Italian Rye Grass, 
which has not received the attention it deserves in those areas where 
summer drought is likely to occurU)). In areas where v‘«ummer drought 
occurs or where the soil is dry, Italian Rye Grass is sometimes included, 
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because it is said to give an early bite and that it gives more keep. The 
real truth is that, apart from an early bite, the initial start and protection 
afforded by the presence of Italian Rye Grass is reflected in the gi*eater 
and fresher growth of the other ingredients. In short, that the improve¬ 
ment is not so much directly as indirectly due to Italian Rye Grass. 
Moreover, this effect lasts for a considerable time and not only during 
the first season. Many more seedlings survive under the protection 
afforded and consequently a much closer turf is obtained. This also means 
that if the grazing (or cutting) is sufficient, Wild White Clover will 
flourish and cause a still further improvement. Wild White (lover grows 
extremely well in the early stages under the shelter of some Italian Rye 
Grass. Italian Rye Grass is the first stage, and Wild White Clover, the 
subsequent stage, is the solution of the drought difficulty as far as pasture 
production is concerned (iij). 

It is very noticeable that the poorest plots were those with no Wild 
White (lover (12) or no Italian Rye Grass. It is a well-known fact that 
Wild White Clover must have a reasonable supply of moisture, and that 
unless this is available in the early stages many young plants die. Gn(‘e 
Wild White Clover is established, it can withstand considerable drought 
as the leaves shade the ground and prevent undue evaporation. This also 
makes for better growth of the grasses, and explains why the best plots 
were those with Italian Rye Grass, Wild White Clover (also the plot with 
Burnet and Cliicory) plus (^ocksfoot(4). These were the plots which sliowed 
the greatest resistance to drought. The staying powt*r of Italian Rye 
Cxrass when not allowed to flower or seed is remarkal>le, and is by no 
means the only instance we have noted in the south-wTst of England('>), 

Timothy showed the same failure to make good and last which is 
characteristic of many South Devon pastures. There art‘ two factors at 
work: the first being competition and the second moisture. Both these 
factors operate largely in the early years. Although from a germination 
point of view it never makes such progre.ss as most of the other grasses, 
its staying ability is not good under grazing conditions. In a wx't summer 
it does much better. The fact that, in the same soil a few' yards aw'ay, 
10 lb. of Timothj and 10 lb. of Late Flowering Red Clover per acre both 
grew and lasted well under Hay conditions(5, m raises the question as to 
whether a heavier seeding might help(i9)? The frequent cutting did much 
to weaken the plants and may partially explain why even after a good 
start this grass is usually shoit-lived in pastures. The grazing or frequent 
cutting, especially during dry spells, wffien Timothy cannot recover so 
quickly, is probably the explanation of its absence in many pastures 
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where it was originally sown. Another point is that sheep in particular 
are very apt to over-graze Timothy in a pasture, and thus exhaust it 
beyond recovery. 

It was very evident from the beginning that cutting was not a satis¬ 
factory substitute for grazing^), even although the cutting was done as 
close as a grazing animal (lO). Even plucking with the fingers made little 
difference in the end when tried on some other plots. The soil very soon 
became uneven and worm castings were frequent. This meant the ex¬ 
posure of a greater surface of ground, which was very unfortunate after 
a cut in the dry weather. More moisture was lost than there should have 
been, while the vegetation tended to become slightly tufted in spite of 
the frequent cuts. It also affected Wild Wliite Clover, since it reduced 
the moisture available. Rolling is essential and plays a very important 
part in all grassland management (iS). Even if there is no rolling, the 
constant treading of the stock greatly assists the vegetation. It is un¬ 
necessary here to go into the physical effects on the soil of rolling, and 
treading by stock, and also the effects on the vegetation. It is a point 
which will have to l>e c<)iisidcr<*d in all plot work of a pavSture nature, and 
rolling of some sort will have to b(‘ introduced to eliminate this source of 
error. 

On certain soils rolling, if excessive, may do harm and is sometimes 
})lamed for encouraging lh*nt. This may be so, but much depends 
exactly when the rolling is done and under what conditions. In most 
cases a dressing of lime would prevent any bad effects, provided the 
rolling is done judiciously. The fact that the field from which the plots 
were derived had very little Bent shows that, in the present case, rolling 
would not have produced that resuIt(M. This is still further emphasised 
in that the surrounding paths which W'ere allowed to grow a turf during 
the la.st year of the plots (11)27) showed hardly a trace of Bent, but were 
almost a closed association of Perennial Rye Grass and Wild White 
Clover (2, i!o. 

Another important point is that those plots without Wild White 
Clovan' naturally suffered from the continuous removal of material, witli 
neither manures nor the droppings of stock being added to the soil. The 
removal of nitrogen was very heavy, and only those plots which had 
Wild White Clover had any nitrogen returned, for Red Clovers had died 
out or fallen to such a low figure that little or nothing was being added to 
the soil from that source. This points to the question of inadequate com¬ 
petition w’ith Bent, owing to reduced fertility of the soil. 

A rather noticeable point vras that the pasture plots contain few 
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weeds in cpmparison with the Hay plots (5). In the early stages the 
pasture plots had a large number of weed species. This was to be expected 
as the vegetation was short, frequently cut, and until a turf had developed 
dormant weed seeds got every chance to assert themselves (2). In the Hay 
plots the tall growth shaded out most of the smaller weeds, and it was 
only in the periods following the cuts that most weeds got a chance. The 
Hay plots had a smaller number of species but a larger bulk of weeds (5). 
Apart, how^ever, from larger weeds like Thistles, Docks and Sow Thistles, 
which would bulk out of all proportion in a small plot, the most important 
weeds were grasses such as Bent, Soft Brome, and Yorkshire Fog, but 
these made little progress in the pasture plots. Buttercups were too high 
in 16 and one other plot, but otherwise this plant did not cause any 
trouble. The case of Bent is an important one, for it is one of tl)e chief 
problems in many Devon grasslands. J-.ack of manures or the droppings 
of stock certainly help Bent in the pasture plots. Where frequent 
cutting encourages bottom growth competition is much greater. Another 
important factor is that, with a short herbage. Wild AVhite (lover 
usually shows to great advantage (i,s. lo. id. Wild White (’lover and 
Bent always compete very fiercely(C»). If IVrennial Ry<' (trass is associ¬ 
ated with Wild White Clover (and, in some eases. Rough Stalked Meadow 
(Trass) on fairly good soil, Bent wdll never make serious headway, pro¬ 
vided the pasture is properly grazed and treated well(ia). JVrennial Hy<* 
Grass alone will seldom hold its own against Bent, unh'ss aided by a 
(’lover (U). The Bent problem is really a ({uestion of coniptditioii between 
plants. It is rather curious that tlie two plots with most Bent in J927 
were those with half the usual sowdng of (.^‘ksfoot and Timotliy (2 a and 
26). In Hay, so long as there is a good top canopy, Bent will be kept 
under, but if the top canopy is removed for any space of time and Bent 
once gets a start, only very strenuous efforts will keep it in check. Its 
late ‘‘first growth * often coincides with theperiod just following the Hay 
cut, while the late growth of this plant in autumn gives it a very good 
chance. Once it gets up it can, as it were, superimpose tuft on tuft of 
growth till practically everything else is smothered. The spread of Bent 
(Creeping Bent) is not so mucli due to seeding as to v<‘getative parts 
remaining in the soil, even after the land is broken up (2a) Only many 
years of arable cropping would destroy this mode of propagation and 
spread. Surface moisture also greatly aids this grass especially in 
autumn. That is why “laying up for winter keep’’ has such unfortunate 
results. It will be seen that in 1927 Bent reached 10 per cent, in only two 
plots, and that was aggravated by a year of plentiful moisture. The 
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steady increase in Wild White Clover would have more than held it in 
check, had the plots remained down for a longer period. Where not- 
dominant Bent is a plant which fluctuates very much in amount from 
year to year and is considerably influenced by the season, not directly 
so much as indirectly as the season affects its competition. 

Soft Brome failed to make any progress. The close and frequent 
cutting prevented this grass from making any growth, and never allowed 
it to set seed( 10 ). The presence of this grass in pastures is usuall}" an in¬ 
dication of neglect or insufficient grazing. In hay and meadow lands its 
success depends on its ability to produce and set seed before the hay is 
cut. '^\)rkshire Fog, although present, never made itself very evident. 
Here again constant cutting and the failure to seed prevented this ])lant 
from becoming plentiful(JJq. In the Hay plots its ability to seed before 
the (uitting period w'as its chief asset for success. In both cases a powerful 
factor against tin* success of those plants in the pasture plots was that 
the competition of other grasses and clovers was too s(*vere. 

It is pretty evident that Italian Ky(‘ Grass is the grass which has the 
most depressing influence on most of the otlier plants, although it has a 
most beneficial effect in the early stages of growth (Uo. Tall Oat is (juite 
as aggressK'e if not num' so, as it generally lives longer. Next in order 
ranks Penmnial Kye (trass, then follows Cocksfoot d'O, and Bent must 
be reckoned the next aggressive. In (act Bent may be placed miudi 
higher, since once it gets a ehance it can compete with most grasses and 
clovers, especially if the conditions are unfavourable. Hough Stalked 
Meadow (irass is slightly aggressive in wet seasonsdio. The dry spells are 
often fatal to the success of this grass, and it naturally raises the (jiiestion 
of substituting this grass entirely or paiily by Smooth Stalked Meadow 
Grass where summer drought is probable. 

K(h 1 Clover competes fiercely with both Kye Grasses, (‘ocksfoot and 
Red Clover compete, but this is not so marked, since towards the end of 
the second year and the beginning of the third C’ocksfoot is attaining its 
maximum growth, while Ke<l (lover is usually dying out (Tables V and 
V^I)(ia), In the early stages of its growth Cocksfoot is retarded by Red 
Clover, but in the south-west this is more than compensated for by the 
shelter and moisture conservation given by the Clover growth (Hm. 

Meadow Fescue and even Tall Fescue are very sensitive to competi¬ 
tion with Rye Grasses, and also to a less extent with (lovers (Iok Com- 
IHjtition between Fescue and C'ocksfoot does not seem to be very marked 
since Fescue did well even after Cocksfoot was the dominant plant 
(Tables VI and VII) (lU). The late appearance of Meadow and Tall Fescues 
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is rather puzzling. It must be either delayed germination or arrested 
growth and development. In the plot concerned (56) it was a case of 
delayed germination. In their young stages Fescues can be easily over¬ 
looked and confused with Rye. In the south-west the late appearance 
seems to be chiefly a case of delayed germination (lo). This was frequently 
noted in fields which had been down to grass for several years. It was 
only some years after that Fescue made an appearance. It is, however, 
a matter requiring more attention. Several instances of delayed 
germination in Late Flowering Red Clover and Rough Stalked Meadow 
Grass have been observed in the south-west area. The germination of Red 
Clover and Rough Stalked Meadow Grass seeds is considerably affected 
by lack of moistun* or a low temperature. The result is that one to three 
years later these plants come up and seriously aflect some (Top(iO). In 
one instance an Oat crop was practically smothered by the germination 
of Red Clover seed, sown three years previously. 

Black Medick, like Rough Stalked Meadow Grass, is a plant much 
influenced by season and competition. Both these plants are iiuligenous 
to the soil of many districts in South Devon, and in moist growing 
seasons may greatly interfere with crops. 

A very noticeable feature of the ])lot8 is the failure of Alsike (lover. 
The chief cause of this is the fierce competition with Red C^loveiMii'i. 
Farmers include Alsike Clover for ‘‘filling up gaps if the Red Clover 
fails,” but it is evident that under conditions similar to the pasture plots 
it is a waste of seed and money to include it. Even the Hay plots(5) 
demonstrated this fact. Th(*re are some districts in the 80 uth-w<‘st where 
owing to greater moisture Alsike (lover does so well that it competes 
with Red Clover and reduces the yield of Hay. 

The succession of vegetation in the pasture plots affords quite an 
ecological study. The stages may be divided into three. First there is the 
opening stage when Rye Grasses and Red Clovers dominate the vegeta¬ 
tion. This was the case from 1925 till the end of 1921, and the early part 
of 1925. The second stage commenced in 1925 when Red Clovers and Rye 
Grasses were decreasing and Cocksfoot, Timothy (if present). Wild White 
Clover and Fescues show an increasing amount. This phase continued for 
about another year (till 1925). It is a very critical period in pasture 
formation, for unless the increase of the slower maturing species equals 
the decrease in the quick and shorter-lived grasses, interlopers fill up the 
gaps and may seriously affect the pasture. The use of plants like Black 
Medick for gap-filling is very evident. Sometimes such gap-fillers may 
do too well and fill more than the gap and depress the yield. It is at this 
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stage that Bent, inferior grasses, and weeds make their presence felt. 
The two cuts instead of several in 1926 rather favoured the inferior 
grasses and weeds, but fortunately they were successfully held in check 
by the useful plants. The last stage began about the end of 1926 and the 
early part of 1927. Perennial Rye Grass and Red Clover had decreased 
but Cocksfoot held a dominating position above (U)) and Wild White 
Clover below. Perennial Rye had reached a steady proportion and would 
probably have increased if left. Wild White Clover covered about 50 per 
cent, of the ground space in most plots and Bent was successfully held 
in check(IJ)). The critical stage was past, and it was quite evident that 
the plots were settling down to a more permanent flora closely resembling 
the original field. Fescues gave a good quota in 56 and the moisture of 
1927 enabled Yellow Suckling Clover to make an appearance. Bent 
reached a fair proportion in three plots and weeds WTre present in some 
of the i)lots. The best plots of the typical Cockle Park Mixture showed 
a strong resemblance to each other, aiul differed from the original 
pasture only in the larger proportion of Cocksfoot present. 

While in the pasture plots (Wksfoot and Timothy were not in great 
evidence till tin* close of the year 1924 and afterw^ards, yet wlien sown 
alone or with one other ingredient tln'V grew w’ell in the first and second 
year (150. Now' (’ocksfoot germinates well and grow's well so it cannot in 
this case be delayed germination. Timothy, though not so robust and 
also muelj affected by the lack of moisture, also grow's well wdth Red 
Clover. In actual speed of germination in the field, Rye Grasses are 
faster than (’ocksfoot, and Cocksfoot faster than the Timothy. It is 
evident though that Rye Grasses overshadow’ the slower growing Cocks¬ 
foot and still more severely shadow Timothy (Um. Timothy seedhngs w’ere 
not plentiful in the seedling stage of the plots, and it ratlier suggests that, 
when moisture is not plentiful, the field germination may be very low'. 
In the Hay plot with Red ('lover(5), Timothy—possibly with the shelter 
and no grass competition—did much better and the field germination 
was good (HO. This may, perhaps, in some instancies, be the explanation 
of the late appearance of Fescue under competition with Rye grasses. 

Excluding Bent, Yorkshire Fog and Soft Brome (Masses the other 
weeds present in the pasture plots were: (^erastium Stellaria 

metiia, Simipis arvemis, Tarameum ojffidnaley So}ichus olenweufiy Crepis 
laramcifoliny Hieracium spp,, Senecio vulgaris, Beilis percfniisy Sagim 
proenmbemy AnagalUs arvensis, Veronicei spp., Sherardin arvensis, Linum 
mtharticumy Geranium dissectum et molky Convolvulus arvensiSy Poa 
annuay Musci spp. 
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The following weeds were in the old pasture: Cnicus arvensis, Rumex 
obtusifolius et spp. (near gate), Geranimn molle et dissectwn, Taraxacum 
officinale, Convolvulus arvensis, Phntago major (near gate), Poa annua 
(near gate). 

Those weeds in the pasture plots and not in the original pasture had 
been introduced with Hay, implements and stock. The only one of out¬ 
standing interest is Crcpis taraxacifoUa. which probably spread by wind 
since the nearest plants were growing about 200-300 yards away. Lin urn 
catharticum oc.cuiTcd in a neighbouring pasture, and the set‘ds had doubt¬ 
less been carried l)y soil. The constant moving of people round the plots 
must have introduced many seeds, botli grasses and w<‘eds. 

It was very noticeable by 1927 that the best of the ])astur(‘ plots were 
rapidly approaching in appearance the original pasture lying outside the 
area of the plots. The two chief differences were (1) the small(‘r (|uantity 
of Wild AVhite Clover which, however, W’as steadily increasing, and (2) the 
greater quantity of Cocksfoot in the plots(l^). As a result, Ihuvnnial live 
was not so plentiful in the plots. Had the plots remained down for another 
two years and the growth kept short, it would by tlu^ close of 1929 
(judging by the trend of progress) have been e.xceedingly dilHcult to 
distinguish betw’eeii the bulk of the old permanent pasture and the recent 
plots. Had th(‘se plots be(>n manured the improvenunit would have been 
still more marked. 

It brings out v(uy clearly the importance of management in the succ(\ss 
of grassland(n»). liven those plots wdiich w^ere behind the others w'ouhi in 
time, by careful treatment, have been improv(‘d, till finally they ap- 
])roached if not equalled the old pasture. On poorer land this could not 
have been done, for tln're Bent would inevitably have gained too gr(‘at 
a footing, and the history of the pasture would be still another of those 
cases of “ decline and fall." 

The plots generally w^ere satisfactory, and Bent had not made any 
great progress in spite of constant cutting and no manuring. It shows that 
it takes prolonged bad treatment to so exhaust a pasture that Ihmt, 
Yorkshire Fog and Weeds give the bulk of the vegetation. The condition 
of many of the poorer pastures in the south-west of England (t>) points to 
a long period of grazing (7) and perhaps Hay cutting (fo, without any 
manuring, or no adequate manuring, to make good the loss of plant food 
in the soil. A point of considerable practical importance is the question 
of the Hay cut during the early development of a pasture. Farmers 
generally like a good Hay yield in the early stage of grow’th. This fre¬ 
quently leads to the selection of a mixture wdiich wdll give a very heavy 
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Hay crop. Now the mixture which gives a heavy Hay crop is usually not 
the best mixture for a pasture which is to be left down for several or 
many years. As a result, for an initial advantage of a heavy Hay yield, 
the yield and condition of the pasture is often much reduced, if not at 
times seriously affected. This may be illustrated by reference to Table II. 
In Hay yield 2a and Mb, among others, took a relatively high position 
but were much tower in pasture yield. In pasture yield 2h and 7 h gave 
a good yield in comparison with other plots, but occupied a low position 
in the Hay ^nelds. In 2 a and 17 b grasses were reduced and Red C’lover 
had less competition, while in 2b there w^as only 2 lb. of Timothy, while 
7b had an extra <juantity of Wild White Clover. Where much more 
drastic altiU’ations in tlie mixture are made the result is obvious, liven 
cases of taking Hay crops for two years in succession is not a very rare 
occurreiHT. The practice can lie justified neither botanically nor linan* 
cially. Tlie removal of a Hay crop moans a lieavy loss to the soil in plani 
food ami also, owing to the shade cast by the (U’op, surface growth is 
(lepreBst‘d. The combination of thest* two is against good turf formation, 
and if aggravated })y t wo Hay cuts makes the }>roduetion of a pasture out 
of tin* question. The combination of exhaustion, or at least depletion of 
soil fertility, and the liare sjiaces are ideal conditions for w’eeds and in- 
f(‘rior grasses to gain an entranee and compete, far too successfully witli 
the grasses and ('loviu* sown. Plots I/; and ITu (Table II) indicate 
very clearly that a typiiail Cockle Park Mixture gives not only a good 
pasturebut a satisfactory initial Hay cut. If this mixture is too 
severely alter<Hi to give added weight to Hay, it succeeds at the expense 
of the pasture. In other words, the income over many years is seriously 
reduced for an immediate ami very inadequate lump sum. 


SrMMARY. 

Th(* })est S(M*ds mixtures were of the (V)ckle Ihirk type. 

In the initial stages, good soil tilth and freedom from weeds may out¬ 
weigh certain disadvantages in the formation of a pasture. 

The shelter afforded by the quick germination and growth of Italian 
Rye (Trass is very important in areas affected by siiminer drought. Soil 
moisture is conserved and slower developing seeds show an increased 
germination and growth. 

In the later phases of turf formation, Wild White Clover takes the 
place of Italian Rye in conserving surface moisture. 

The passing of Red Clover and decrease of Rye Grasses must be 
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compensated for by the growth and spread of Cocksfoot, Wild White 
Clover, Rough Stalked Meadow^ Grass and other grasses. 

The plots showed three phases in vegetation before a more stable 
flora was developed. 

The order of aggressiveness in the plots vras: Italian Rye, Perennial 
Rye, Red Clover, next Cocksfoot followed by Wild White Clover, Bent 
and Rough Stalked Meadow Grass, then Timothy, Tall and Meadow 
Fescue. 

Burnet is too aggressive: Chicory is not so aggressive, is more palatable 
and quite as resistant to drought. 

Cocksfoot, Fescues and Wild White Clover are good drought re¬ 
sisters when once established. 

Tall and Meadow Fescues are depressed chiefly by Itye Grasses. In 
the plots studied, the late appearance of Fescues was due to delayed 
germination. 

Alsik-e Clover was a failure, and Timothy was not a success. 

A high seeding of Red Clover, or mixtures of Broad Red and Late 
Flowering Red Clovers are not always successful. 

Frequent or continuous cutting and removal of vegetation depresses 
growth in the following year. 

Lack of rolling or treading in small plots is a source of experimental 
error. 

The weed flora of the Pasture plots was small and in marked contrast 
to the Hay plots. 

In spite of initial difierences, under similar tn*atment there is soon 
a marked tendency to develop a flora of the same proportions in all plots. 

Altering a seeds mixture suitable for a long ley or permanent pa.sture 
so as to obtain a heavy Hay cut from the early growth is unsound. It 
endangers turf formation, encourages inferior grasses and weeds, and 
depresses the useful plants. 
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Table IV. 1924. 

Anal If ms of chief ingredients of plots. Percentage by weight of plants present in May cut. 
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Table VI. I9J6. 

Amhjsi‘i of rhipf iH(fm1knU‘i of plots. Pemntofir 1»/ weight of plants present in June cut. 
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Table VII. 1927. 

inalysis of chief ingredient.^ of plots. Percentage by weight of plants present in May cut. 
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STUDIES ON OSCINELLA FRIT LTNN. 

COMPARATIVE RECORDS OF OAT GRAIN INFESTATION IN 
SWEDEN DURING THE YEAR 1927, TOGETHER WITH A NOTE 
ON STERILITY OR “BLINDNESSOF GRAIN 


By NORMAN CUNLIFFE, M.A., D.Sc. 


(School of Rural Econoonj, Orford,) 


A RECENT publication (2), which indicated the existence of considerable 
variation ])etween oat varieties in rehition to their resistance to attack 
by tlie frit fly in Sweden, summarised data relating to the attack on the 
shoots during sprin". It was not possible to include therein data relating 
to any differences in resistance whi(*h were likely to be exhibited by the 
grain of different varieties, because the analysis of seed for determination 
of extent of infestation is a laborious ])rocess. 

This note should, therefore, be considered as a supplement to the 
above-mentioned publicati<ni, and for this reason a repetition of descrip¬ 
tive matt(‘r is suptTfluous. Tin* method of sampling adopted was the 
same as that used dining similar previous investigationsO). Over 80,0(10 
seed from lots wer<‘ examined for infestation and sterility, the mini¬ 
mum, mean and maximum numbers of seeds per sample being, in the 
earlier sown .series, ITJ, and 70]: in the later sown series, iOl, LSo 
and 301 respectively. 

The percentage infestation and the percentage sterility for eacli 
variety for first and second sowings, together with their respective 


standard errors, where € 


/P(IOO-P) ,, 

. P representing the percentage 

value and n the number of individuals per sample, are sliown in Table I. 

These data liave also been subjected to statistical analysis by the 
method of Eugeldow and Yule(^0. The standard errors of the mean differ¬ 
ences in percentage infestation and percentage sterility between any two 


varieties, for each of the series, are shown in Table II. 

The figures in the second and fourth columns indic^att' the order of 
the differences between any two mean percentages which may be con¬ 
sidered to differ significantly (1 Off to 1 chance), and thus any two values 
within a series in Table 1 may be compared readily. These records are 
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Table I. 

infestation % sterility 


No. 

Variety in 
order of sowing 

First 

sowing 

Second 

sowing 

First 

sowing 

Second 

sowing 

1. 

King . 

7*8i0-8 

251 4:1*4 

1-5 40-3 

2-9 40-5 

2, 

Star . 

6*9 ±0-8 

22-8 4 1-3 

2-2 40-5 

3-9 40-6 

3. 

Victory . 

5*0 zi'O'O 

18-941-2 

0-7 40-2 

3-4 40 *'^ 

4. 

Golden Rain 

3-9 d 0-6 

19-5 41-1 

2-1 :fc0-4 

2-7 40-4 

5. 

Golden Rain 11 ... 

5-7 

17-7410 

1 5 : 0-3 

3-9 tO 5 

C. 

Ligowo 

6-8i0-8 ^ 

22-5 41-3 

2 - 640-5 

2-2 40-5 

7. 

Lochows X Victory 

3-6:r0o 

21-7 4M 

0-8 i 0 2 

2 2 *i 0-4 

8. 

Lochows ... 

2*7 zr 0-5 

17-1 j M 

0 8.f 0-2 

2-7 i 0-5 

9. 

Liineburger Kley 

5*2 :i.0*6 

I 8 O 4 M 

0-6 i 0-2 

1-4 404 

10 . 

Leutewitzer 

1-9 i:0-4 

13-2 40-9 

0-9403 

10 4.0 3 

11 . 

Echo . 

4-3 tO-G 

19-1 411 

2-4 1 0-4 

4-3 40-6 

12 . 

Early . 

3 9-0-5 

18-2 hl-2 

0-7 } 0-2 

2-2404 

13, 

Victory ... 

(M± 0 () 

20-0 i:l -2 

1-1 i 0 3 

3-5 i 0-6 

14. 

White Yeoman ... 

4-4 >0-7 

17.441 1 

2 4 : 0-0 

4-2 4(i-6 

15. 

Dnla . 

2-5 i 0*3 

14 - 741-0 

3-1 r0 4 

6-9 .tO-7 

1«. 

Gophers ... 

5 6zt0-6 

8 3:1 0*8 

1-5 40 4 

15 40 3 

17. 

Kyto . 

.'5-2.1:0-6 

11-0 J.0 9 

1*4 40 3 

6-7 40 8 

18. 

Spot . 

9-31-0-8 

29-041*4 

2 3 40 4 

0 8-:.0 8 

19, 

Hede . 

7-0 4 0-7 

30 7 41-4 

2 3 -i O 4 

7-0 40 8 

20. 

Summer ... 

5‘3 rO-6 

12-4 4 1*0 

3-1 :i:0 5 

3 3 40 5 

21. 

Black Bell 11 ... 

0-2 4 0-6 

20-8 41 

2 - 540-4 

7-6 1.0 8 

22. 

Engel brekt 

5-1 iO 1) 

21 - 441*3 

4-2 40 0 

5 - 640-7 

23. 

Great Mogul 

8-9 jrO-8 

23-3 41*2 

5-6 --0 6 

6-3 f 07 

24. 

Argus 

0-4 4.0 8 

24-141 4 

13 to 3 

4 2 t0 6> 

25. 

Roslags ... 

7-0 40 7 

22-7 ^ 1 2 

1-9 i 0-4 

9-0 i 0 8 

26. 

Victory ... 

7-2 1 0-7 

22-4 41*2 

1040-3 

4 1 40 5 

27. 

Black Tartar 

4 8 4 0-0 

26-.7 41 3 

2 8 i^O 4 

:i-7,L0'6 

28. 

Black Supreme ... 

n-84-M 

22-5 11*5 

7-0 ^0 9 

11 6 Ll 2 

29. 

Orion . 

5-0 t-0 5 

10-0 40-9 

9 8 .i-(t7 

11 9.40 9 

30. 

Mesdag ... 

5-6 4:0-7 

9-0 4 1-0 

2-0 iO-5 

5-6 40-8 

31. 

Sandy . 

0-8 rO-8 

15-041-1 

3 5 1:0-0 

9 9 - 0-9 

32. 

Tam Finlay 

9-1 4 1 3 

14-5 41 3 

4 9 t 1 0 

20-2-rl 5 

33, 

Kent Berlie 

9 9410 

16-8 i M 

2 7 :.0-5 

170 1-1 

34. 

Avenafatua 

0-7 40-7 

24 4 41*7 

r> 0 i 0-7 

18-6 1 1-5 



Table II. 

Infestation 

_A. 

Stenlity 


Standard 


Standard 



error of me an 

Standard 

error of mean 

Standard 


difference 

error x 2-57 

difference 

error x 2-57 

First sowing 

111 

2-85 

0-77 

2-06 

Second sowing 

1*82 

4-68 

1-48 

382 
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comparative only in so far as the grain was the product of varieties sown 
at the same time. The different varieties, shooting at different times, 
were subject to varying intensities of attack, according to the variation 
in the fly prevalence(2). J)etailed acquaintance with the growth of each 
variety is required to enable one to arrange for simultaneous shooting in 
the field. 

In this case, in the first sowing, the earliest varieties commenced 
shooting on July 12th, just prior to the commencement of the emergence 

Table III. 


Relative lime of shooii^aj. 




Early 

Normal 


Late 

No. 

Variety 

' 1 2 

3 

5 

() 

1. 

Kins . 






Star 


y 



3. 

Viut(»r\ . 





4. 

(Juldt'u Rain 





o. 

(folden Ram 11 ... 





i>. 

Ligowo 





7. 

S. 

!♦. 

Lochows Victory 
Loc*li<m.H ... 
Liinehurjjer Kiev 


V ^ 



hi 

Leuteu'itzer 





]}. 

Echo 





12. 

13. 

Early 

Viftory 





14. 

White Yeoman ... 





15. 

Duia 





lii. 

(toyiliers ... 





17. 

Kyto . 





IS. 

Spet 





lii. 

He<le . 





20. 

Slimmer ... 





21. 

Ulack Reil 11 



N 


22 

Eni^elhrekt 





23, 

Great .M<>mil 





24. 

AruuH . 





25. 

Roala^'s 





2<». 

Victory 





27. 

Rlack Tartar 



S 


2K. 

Black Supreme ... 





29. 

Orion 





30. 

Mesdag 

> 




31. 

Sandy . 

. 



\ 

32. 

Tam Finlay 




X 

33. 

Kent Beriie 

. 



X 

34. 

Avena fatua 
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period of the summer generation of flies, and the majority of the panicles 
had emerged by July 23rd, i,e, before the fly prevalence was very great. 
In the second sowing, except for Mesdag, which produced all its panicles 
between July 15th and lUth, shooting commenced on July 17th and 
extended over a period of about 17 days, well within the period of fly 
prevalence. 

It is only necessary to point out, as is shown by comparison of Tables I 
and III, that all ex(*ept one of the very early shooting varieties, namely 
Gophers, Kyto, Summer, Orion and Mesdag, suffered least infestation, 
the exception being Ligowo, which may therefore be more susceptible. 
The medium groups (3-4) suffered to much the same extent, Spet being 
the worst. Leutewitzer, a late form suffering lightly, may be resi.stant. 
Of the very lat(' group, »Sandy, Finlay and Kent Ilerlie suffer<‘d lightly, 
late shooting suggesting itself as the probable explanation, but Hede, 
another very late type, was more heavily infested than any other variety. 

It is interesting to note that Summer holds a high position as regards 
both shoot and grain infestations, because this variety has been used 
extensively for hybridisation. 

Sterility of grain. 

The numbers of ‘'blind'’ or sterile grains were recor(le<l for each 
sample during the examination of the grain for infestation, because it has 
been suggested frequently that blindness is due primarily to frit fly. 
There being but one season's data, only a temtative interpretation is 
made, but these data appear worthy of record if only for their suggestive- 
ness of the necessity for more detailed investigation with this special 
point in view. 

Table 1\, 

(Jorrclafion roeffii *?V nfs, 

Stenli ty. 

Serios I-III and IV-IX ~h0 03:1.007 

Ditto, omitting nos. 32-,'U -fO-72 J UOO 

which matured badly 

Infestation. 

Series I-IIl and IV- J X 4 0-30 i O-10 

Sterility y infestation. 

Series I-lII + 0*38 iO* 10 

IV-IX <002 

Oxford, 1924 data - 0-28 £019 

1923 data +0*56£013 

Harpendctt, 1923 data 4 011 £019 
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Certain correlation coefficients between the values shown in Table I 
for the first and second sowings have been calculated and are shown in 
Table IV, together with three coefficients calculated from data collected 
during previous years. 

Sterility or “blindness ’ of grain is possibly due to the operation of 
several factors, which may vary in intensity from year to year. Suggested 
factors have included WT,ather conditions at time of fertilisation, the 
action of insects such as frit fly or thrips on the ovule and the immature 
grain, the action of mites or the possible influence of variety. 

If weather conditions w'ere responsible for sterility, a correlation 
would not result unless the conditions were identical at the corresponding 
periods of fertilisation and, under such conditions, varieties shooting 
during the same periods should show sterility to similar extents. But 
Ligowo, tiophers and Summer were much less sterile than Orion, which 
flower(‘d during tln^ same jx'riod, while amongst the late varieties Echts 
Hede, Great Mogul and Sandy suffered much less than Tam Finlay and 
Kent B(*rlie, Arena ffifun in the normal group suffered heavily. 

If frit fly were responsible then percentage sterility should correlate 
with percentage infestation. Kefenmce to Table IV shows that in none 
of the five casf‘s quoted does any (’orrelation exist, and therefore sterility 
of grain cannot bo said to hv due, to any appreciable extent, to the frit fly. 

On the other hand, the correlation between the tw’^o S(*ries of figures 
sliowing percentage sterility is very decided and indicates that degree of 
sterility may he a varietal character. The coefficient is not high, showing 
that other factors arc also involvinl. 

Summary. 

Data, collcct('d in Sweden during the year 11*27, indicate the existence 
of considerable variation in extent of infestation of the grain of different 
varieties, sown at the same time. Also they suggest that sterility or 
“ blindnesvs ’’ of grain may be a varietal character. 
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SIGNIFICx4NT VARIABLES IN THE BLOWFLY 
ENVIRONMENT i 


By Prof. ROBERT A. WARDLE. 
(Vniversitif of Manitoba,) 

(With 1 Text“fij?iire.) 


I. General considerations. 


The inimerical abundance of a living insect, in a measured volume of the 
surrounding medium, at the end of a measured timt' period during which 
it has been subjected to the influence of a coml)ination of eiivironimmtal 
factors each of known quantitative value, may be express<»d as 




where Pf is the required value of population density ; is the value of 
initial population density: Z is the biotic potential or m(‘an maximum 
rate of reproduction under the conditions given, and a product of the 
mean decimal proportion of mature females in tlie initial jiopulation by 
the mean number of }»irths per female; n is the number of generations 
occurring during the tiim' period; and R is th<' mean total value of en¬ 
vironmental resistance to the biotic potential of each generation, a 
quantitative expression of the tendency of an <mvironment to restrict 
potential abundance. 

Since, however, the successive generations may differ from one atiother 
in mean sex ratio, in mean birth rate, and in mean death rate, tin* formula 
is more correctly expressed as 




/4.P,...Pn 


where Zj ... are the biotic potential values of the successive genera¬ 
tions and i?i ... 74 are the total resistance values of the environments of 
the successive generations. 

If the pre-maturation period of the life cycle be shorter than the post- 
maturation period, the generations will overlap one another, and if the 


1 Published with the pennission of the Director of the Minnesota Agricultural Experi¬ 
ment Station as paper No. 028 of the Journal Serioa. 
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environment remains uniform within narrow limits and is favourable to 
the organism, the value of E will remain approximately constant and the 
rate of increase (r) will, after a number of generations, become practically 
constant, and calculable from the formula 

log E„ ~ log Pf 

log,/? 

where and P^ are the adult population densities at the commencement 
and termination of any given number (/?) of generations, and e is a 
constant of value 2*71828. 

Eventually, however, since the environment is finite, the population 
density should reach a maximum value for that particular value of en¬ 
vironmental volume. As it approaches this maximum value, the values 
of Z and R will approach one another in value, partly through a decrease 
in ft^cundity of the oiganism, partly through an increase in its rate of 
mortality, induc(‘d by crowding, so that the population d^msity will 
eventually remain relatively stable at a value approximating to the 
maximum value for that size of environment. 

That is to say, tin* id<*al curv’c expressing the incidence of abundance 
of an adult iuse<‘t in a restricted environment is a logistic curve, and the 
number of generations which must elaj/.se before the upper asymptote 
of the curve is reached will (h*pend. in the first place, upon the size of the 
environment, sinc(' the value of maximum population density varies as 
the square of the volume of the environment (Pearlii2»): in the second 
pluc(‘, upon the extent to wliicli the environmental factors fluctuate 
beyond the range of values optimum for the organism; and in the third 
place, upon the value of the organism's biotie potential. 

Such an e(]uilibrium of adult population deiivsity, witliin a it'strioted 
(‘nvirommuit, under highly favourable environmental conditions, and 
for organisms poss(‘ssing a high biotic potential, has ))cen demonstrated 
by P(‘arl(lU) for Drosophila onlanogastcr, and by Chapman{3) for Triboluon 
ro/ifasaoi. 

Now, in the (uisc of a blowfly species, the pre-maturation period of the 
life cycle under teirijierate climatic (*onditions is usually longer than the 
post-maturation period, and the extent to which succcvssive generations 
overlap one another is slight; the annual sequence of generations is short, 
comprising, in Great Britain, for example, only four generations in the 
case of Calliphora and Lacilia; among the four generations there is one 
whose prepupal stage is abnormally prolonged: the significant environ¬ 
mental factors have each a wide range of variability and on the whole are 
antagonistic to the biotic potential of the insect: further, the adult insect 
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is winged and strongly mobile so that its environment is practically 
unrestricted. 

A curve expressing the incidence of abundance in a locality of a 
succession of blowfly generations is in fact a polymodal curve whose 
modes correspond to the maxima of abundance of the successive genera¬ 
tions {Wardlc{i7)), and it is probable that, in the case of a blowfly species, 
an asymptotic condition of population density is reached only rarely, and 
only then in localities where there is an abnormal plenitude of oviposition 
media, chemotropically attractive to the flies, and only for a brief period 
of time. 

The environment of an insect is a complex of factors, that is to say, 
of unit sources of influence, and the value of each factor will fluctuate 
normally over a certain range of variability. For endi factor there is a 
rtnige of effective values favourable to the organism in that they permit its 
continued existence and within this effective range, again, there is a 
range of optinnim values favourable to maximum development and 
comfort. The significance of an environmental factor as regards its in¬ 
fluence upon potential abundance will depend upon the ratio between 
the range of variability of the factor, under normal field (conditions, and 
the range of values which are optimum for the organism under considera¬ 
tion. If the width of the latter range excee.ds that of the former, the 
factor will be without significance for the organism, but should tiie 
reverse condition be the case, or the width of the optimum range b(‘ 
narrow as compared with that of the normal range of variability, then 
the factor will be a limiting factor to potential abundance^; to use the 
preferable nomenclature of Allen(i) it will be a significant variable. 

There are three types of significant varial)le in the blowfly (mviron- 
ment, namely: 

(i) Primanj variables, which influence the biotic potential and the 
duration values of life cycle stages; 

(ii) Secondarg variables, which influence the biotic potential but not 
the duration values of life cycle stages; 

(iii) Tertiary variables, which influence behaviour but not biotic 
potential nor duration values. 

A single factor may act as a significant variable independently of 
other factors, but usually the significant variables in the environment arc 
associated in groups which, in their resistance to the biotic poUuitial, act 
like single variables. 

The value of R for any sum total of variables will have a minimum 
value of unity since it is lowest when equals . Z„. Since also R is the 
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product of the environmental resistance values ... of the component 
factors or factors groups in the sum total, these values will also each have* 
a minimum value of unity. 

For any measured factor value the resistance value will be Po /^n 
divided by P<, but this value w'ill vary as tlie factor value varies, and will 
vary for different periods of the life cycle. The whole life cycle in fact may 
be integrated into a series of monecological phases each characterised liy 
a definite series of resistance values (r) and duration values (d) corrf‘- 
spending to the measured variations of each significant variable in tlie 
environment. 

Quantitative measurements of the r and d values for any significant 
variable can only be obtained in an environment in which tlie factor can 
be varied to a measurable extent, whilst other factors remain within the 
range of optimum values, that is to say, of values whose resistances 
approach unity. Before values of r and d can be obtained, therefore, for 
each monecological phase of the life cycle, it is necessary to establish for 
each pliase an optimum (uivironmeut, an environment composed of 
primary variables, each of such a value that within the environment 
equals and d is at a minimum. 

Within such an optimum environment, the variation of any one 
factor to a measured extent, or the introduction of other factors of known 
value, will permit a vS(‘ries of r and d values to be obtained which will 
correspond to a scries of variations of any primary or secondary varialih* 
from the optimum, From the series of r and d values, quantitative values 
of K and D and n mn he computed. 

The data presented here eonoern the establishment of tlie optimum 
values of temperature and humidity, regarded as primary significant 
variables, for the predmaginal stages of Lacilia scrivaia Meigen, and tlie 
influence of ultra- and infra-optimum variations of these factors upon the 
biotic potential and duration value of each pre-imaginal stage. 

II. ThK CKK-IMAOlNAt ENVIRONMKNT. 

The pre-imaginal life cycle of Ijivilui scrirata comprises the sfagtvs of 
egg, larva, propupa ami pupa, For experimental purposes thesi^ can 1 h‘ 
regarded as monecological phases. Theoretically greater experimental 
accuracy would be obtainable by regarding each stage as a series of 
growth phases, but in practice the difficulty of differentiating sucli phases 
one from another would detract from the accuracy of the results. 

This period of the life cycle requires three media, namely, atmosphere, 
protide and soil. 

Ann. Biol, xvn 
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The egg stage is spent upon the aphotic surface of decomposing 
albumin or globulin protide material, but actually it may be regarded as 
an atmospheric stage, since it can dcveloj) equally well away from the 
oviposition medium. The larval stage is spent in a semi-buried position 
within protide media. The prepupal and pupal stages are spent normally 
within the surface layers of the ground. 

The primary signifi(iant variables would appear to be temperatiire» 
humidity and oxygen, although the influence of the latter factor remains 
to be investigated; and in particular the temperature and humidity of 
atmosphere and soil. 

The outstanding secondary variables are accessible protide and 
certain biotic factors. Accessible protide may be defined as the mass of 
oviposition medium available per mature female. 

Taking the mean mass of the newly hatched larva as 0*00015 gm. and 
that of the full fed larva as 0*05 gm., the utmost minimum larval require¬ 
ment of food medium will be approximately 0*05 gm. Its actual require¬ 
ment will in fact be higher than this. Assuming the maximum number of 
eggs produced per female to be 900, it would appear that the utmost 
minimum requirement of accessible protide will be approximately 
45 gm. per ovipositing female. Actually, owing to the fact that only a 
limited area of the surface of a mass of suitable oviposition medium can 
be utilised for egg deposition, the female requirement of accessible protide 
is considerably higher than this value. 

When blowflies are abundant, the number of eggs which is deposited 
upon a suitable mass of oviposition medium is very great, and may be in 
excess of the number of larvae for which the medium can afford space and 
sustenance. Thus, at Manchester, England, where ( kdliphora (71 per cent.) 
and Lvcilia (21 per cent.) are the predominant blowfly genera, the number 
which can be reared from a small unskinned mammal, such as a rabbit 
with an unconsumable proportion of 25 per cent., is approximately four 
flies per gm. of medium consumed, despite the deposition on the carcase 
of an estimated number of J(),0(K)~]5,(KH> eggs. At St l^aul, Minnesota, 
where Ludlia (52 per cent.) and Phorm/ia (43 per cent.) predominate, the 
number of flies which issue from a small piece of ox liver whose non¬ 
consumable proportion is 10 20 per cent., is approximately six per gm. 
of medium consumed, although the number of eggs deposited will rarely 
be less than 500. Smit(i5) records in South Africa the emergence of 1451 
individuals of Chrysomyia albicepfi from an exposed sheep carcase weigh¬ 
ing 36 lb., an average of only one fly per gm. of medium. 

Under field conditions of imaginal abundance, even a ratio of 45 gm. 
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of medium per female is rarely available, and despite the strongly 
developed chemotropic propensities and the wide range of flight of blow¬ 
fly imagos, there is under normal field conditions a high degree of e.om- 
petition among ovipositing females and among newly hatched larvae. 

The female fly may be forestalled in securing a position upon a suit¬ 
able oviposition mass by more chemotropically sensitive individuals of 
the same or of other species, or, if successful in securing a foothold may 
be jostled thendrom by more aggressive individuals. Lownes(y) has 
asserted that the female ('alliphora erj^throcephala consciously adapts the 
size of her egg cluster to the available oviposition surface of the m^ilium. 
Such conscious limitation does not occur in the case of LncUirt strv'dla. 
Even when the only available surface of the medium is covered with egg 
clusters, females will continue to add their eggs to the pile, or will ev (mi 
deposit clusters upon the soil in the vicinity of the medium. Th(' size i>f 
the <‘gg cluster is detcrmiiKul chiefly by the degree of freedom from dis¬ 
turbance that the fejiiah^ can secure. The fly is shy and readily dislodg('d 
from the medium by other Hies, unlike the more phlegmatic (‘alliphonf 
erythrocvphala^ which will continue steadily to deposit eggs at the rate of 
one per second, oblivious of the needle of the observer which removes 
each egg as soon as laid. 

It is possible that such competition for suitable oviposition facilities 
may tend to provoke in temperamental species of blowfly a retention of 
ripe eggs in the ovidu(‘ts ami so intensify the desire to oviposit. It may 
thus provide a partial explanation of two phenomtma of (uillipliorid 
biology, namely, a tendency towards viviparity, occasional in most 
blowfly speci(‘s, l)ut habitual in some, and a tendency towards tlie use 
of living animal tissue as an oviposition medium. It seems not without 
significance that in the sheep-maggot districts of Texas there is a com¬ 
petition between Lffrilia s(^rirat<a and (hcMiomyia macelhirut , that in 
South Africa, the sheep-maggot season (November to April) coincides 
with the maxima of abundance of LkciIui and i'hry>i()tHipn 

vhhropyga (Smit and I Hi l*lessis(U))): that in the sheep-maggot districts 
of Great Britain there is comp(‘tition between Lftnlui stricata and five 
other blowfly species; in Australia, competition with eleven otlier spech's; 
in New Zealand, competition with five other species. Competition, how¬ 
ever, can be only one of several factors wluch induce the shee})-attacking 
habit, since there are many localities where the habit is uncommon 
despite the abundance of blowflies. 

The competition between newly hatched larvae to secure nutritional 
facilities is intensified by factors which desiccate the medium and make 

3tb-2 
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portions of it unsuitable for larval nutrition, by unconsumable con¬ 
stituents such as fats and scleroproteins, or by obstacles to the entrance 
of larvae to the medium. Thus, with a hairy skinned carcase, entrance is 
more readily effected at j)Iaces such as groin and axilla, edges of natural 
orifices, where the skin is relatively thin and hairless; wdth a fish, entrance 
is more readily effected via the orbit or the gills; at such points the female 
fly instinctively ovi[)osits, stimulated thendo possibly by conditions of 
surface humidity, and relatively enormous masses of eggs may accumu¬ 
late there. When the egg masses commence to hatch, the competition 
to gain admission to the medium is severe. Under conditions of darkness 
there is a consideralde migration of young larvae away from the medium, 
and large numbers of such migrants perish in their search for other 
nutritional facilities. 

A\'ith regard to the significance of biotic factors such as predators, 
parasites and pathogenic organisms towards potential abundance, the 
evidence is scanty. Graham-Smith (5) has recorded at Uambridge, 
England, the occurrence of 01 per cent, of autumn pupae of Calliphora 
vrijthroayhda parasitised by the Braconid Hymenopteron Ahj^sin tnuH- 
dnvaior under shade conditions, and of 71 per cent, of spring pupae 
parasitised by the Chaleid Hymenopteron MeJitiobia avAi.^ta under sun¬ 
shine conditions. Although these parasites also attack the species of 
Lucilia it would seem doubtful whether the Chaleid parasites—Meb/Zotiu 
acasta and Mornanddhi tripenrds {Noi^onia at any rate, can 

offer a high degree of resistance to potential abundance, since they usually 
attack prepupae un(.overed by soil, and such prepupae are relatively 
infrequent. 

James (8) asserts that Cynipid parasites of the larval stages of Lucilia 
sericata and Calliphora erylhroccphaloy such as Figitcn anthoniyianuu Ik'h. 
and Kleidotoma wamhaUi Mshl. are responsible in England for a diminu¬ 
tion in abundance of JO per cent.; that is to say, their resistance value 
is 1*43. 

Among other secondary significant variables the proportion of clay 
in the soil is of some degree of importance, since a heavy clay soil may 
compact under the influence of rain and impede the emergence of imagos 
from the ground, whereas a sandy soil will favour such emergence. 

Air movements and the precipitation of atmospheric humidity are 
also secondary significant variables, but their influence is an indirect one 
brought about by the effect upon atmospheric temperature and humidity. 

The more important tertiary variables are those of light and tem¬ 
perature. Neither the intensity nor the wave-length of light appears to 
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influence the potential abundance nor the duration of the life cycle, but 
light has a marked influence upon adult and larval behaviour. Blow¬ 
flies do not copulate nor oviposit in the complete absence of light. The 
ovipositing females of Lurilia are attracted to media exposed to bright 
sunshine, although they actually oviposit upon the shaded portions of 
the medium’s surface. LuciJia serwjta oviposits in Minnesota usually 
betw(^en the hours of 11.00 and 14.00 when the sunlight is at its maximum 
daily intensity. Lurilia caesar is less sensitive to light, and will oviposit 
when the sky is overcast. Lacilia sylmrum will oviposit in late afternoon 
when the intensity of light is low and when atmospheric temperatures 
may be low, an interesting habit in view of the suggestion that this species 
is synonymous with the European bufonvora which is known in Europe 
to oviposit within the nostrils of toads. 

The effect of light upon larval and prepupal behaviour has been dis¬ 
cussed by Herras(6), who has shown that feeding larvae of L^riVid raesar 
react instantaneously and negatively to daylight, but react more slowly 
and positively to artificial light of all visible wave-lengths, unless given 
a choice of colours, when they show a preference for w^ave-lengths of 
0*5,35 0*58() (yellow). Since these reactions are stronger than the positive 
reactions to food, they may be detrimental in that they tend to separate 
the larva from its food medium. On the other band, in what this ob¬ 
server terms “migrated larvae,” referring probably to prepupae, the 
negative response to daylight is slovrer and more pronounced, and then* 
is a negative reaction to artificial light. They are most pn)nouncedly 
negative to the blue end of the spectrum (0*422 0*102). 

The influence of temperature upon larval behaviour has been dLs- 
cussed by Miller (lO), The rate of locomotion of larvae of Lurilia srrirata 
varies directly with temperature between 20 i\ and 40^ C.: the rate of 
contraction increases directly with temperature between 0*^ (’. and 15 V .; 
the number of contraction waves made by a larva in travelling a given 
distance such as 10 cm. is a constant between the teniperai lire of io'^ (\ 
and 33^ C. Below' 10” V. the rate of contraction decreases and the rate 
of locomotion decreases. Above 33"' the rate of contraction increases, 
and up to 40” C., to judge from Miller’s graphical figures, the rate of 
locomotion increases. 

III. Material and methods. 

Lurilia smcata occurred at St Paul, Minnesota, on the Agricultural 
College campus, during July, August and Si'ptember, 10*27, in the pro¬ 
portion of 28 per cent, of the blowfly population, competing with Lucilia 
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caesar (24 per cent.), Tjudlia sylvarum, (4 per cent.), Calliphora erythro- 
cephalfi (1 per cent.), and species of Phormia and Protocalliphora (43 per 
cent.). 

Lueilia sericata may be defined here as a Luciliine fly, answering to 
the description of Shannon (J4), and distinguishable among North Ameri¬ 
can species of LvHHa by the possession of a yellow basicosta and three 
post-acrostichal bristles, as contrasted with the black basicosta and two 
post-acrostichal bristles of caesar and the black basicosta and three post- 
acrostichal bristles of sylvarvm. About 5 per cent, of the flies identified 
as caesar had a gre}n8h basicosta, and these may have belonged to the 
species australis. 

The material used was obtained from egg clusters deposited in the 
open on ox liver under conditions of bright sunshine. The moment of 
deposition was known to ± 2 minutes. The number of eggs per clusier 
varied from 50 to 373. Whether more than one cluster ran be deposited 
by an individual was not determined, but as the mean longevity of the 
femah' in captivity is three weeks, and as each ovary contains iH > egg tubes, 
each with five or six potential] eggs, it would seem as if more than one 
(luster can be deposited. According to Habcock and Ihiunet(2), the allied 
fly dochlioiuyia macellaria in Texas can deposit eight clusters each of 40 
i>50 eggs, totalling 10,000 eggs or more, within a [x^riod of a week. Prob¬ 
ably, howev(^r, in the case of Lueilia sericata, the', degren* of (*ompetition 
betwe(in femal(*s will tend to restrid- ihv potential oviposition capacity. 

A portion of each cluster was reared through to tlu' imaginal stiige 
for purposes (fl identification, at outdoor t(‘mp(uatures fluduatiug be¬ 
tween 1 P (^ and SO'^ C., in a saturat'd atmosphere and, in the case (»f 
prepupal and pupal stages, in a saturat(‘d soil medium. Of 110 clust(*rs 
thus identified, 92 belonged to sericata, 12 to caesar, 2 to sylvanou and 
4 to (^allipfiora eryihrocephala. No explanation can be offc'red for the 
absence of egg clusters of Phanuia and Profcalliphora, despite the 
numerical abundan(‘-e of these genera, but it may be n(>t(‘d that only 
(lusters were used that had been d(*posited in bright sunshine. The 
r<‘rnainder of a cluster, if a large onci, was separated into batches of ap¬ 
proximately 25 eggs, and eadj butch was transf(U‘red to a 50 gra. piece 
of ox liver in a circular rearing can, 7 cm. in diameter, with a tightly 
fitting lid. 

A series of environments, approximately constant as regards tem¬ 
perature, was obtained in a series of constant temperature cabinets, the 
values being 37^, 30®, 26®, 20®, 17*5®, 14® and 10® C. The maximum and 
minimum effective temperatures were not determined with precision. 
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but appeared to lie between 35° C. and 40° C. and between 4° C. and 6° C. tor 
each stage. As will be shown later, the point at which the temperature 
axis is cut by the reciprocal of the curve which best fits the mean dura¬ 
tion values of the respective life cycle stages, suggests minimum threshold 
values of 5-fi, 5*3, 4*2, and 5-0 for egg larva, prepupa and pupa respec¬ 
tively. Peairs(ii) suggests for the larva and pupa of Lk cilia cnesar 
minimum threshold values of 5*5 and fi*5 respectively. 

A saturated atmosphere was obtained by lining the small rearing cans 
with water-saturated tissue wadding; other values of relative atmospheric 
humidity were obtained by beeping the cans with lids partly open in 
desiccators over dilutions of sulphuric acid, or over saturated solutions of 
salts, of known vapour tension.. It is probable that the use of ma.s.s* of 
water vapour per unit of air instead of relative atmospheric humidity 
would give greater accuracy of results. A number of egg clusters were 
reared merely to the moment of larval emergence, and in such cases the 
relative atmospheric humidity values were obtained by using tightly 
corked tubes, 9 cm. by 2*5 cm., containing either distilled water or 
dilutions of sulphuric acid or saturated solutions of salts. The eggs were 
enclosed in a smaller tube suspended within the larger one, or were 
floated on rafts of paraffin wax on the surface of the fluid. The values of 
relative atmospheric humidity employed were 190, 80, Of), 40, 20, 0 per 
cent., so that eggs were incubated in 12 environments. 

The larval stages w^cre reared in ox liver of initial moisture content 
25 35 per cent. A ratio of 25 larvae to 50 gm. of medium was useii so as 
to reduce, as far as possible, any resistance to potential abundanc(» in¬ 
duced by spatial competition. Ox liver is not altogether satisfactory as 
a medium, since its moisture content is influenced by prevailing at¬ 
mospheric lumii<iity, and there in in addition to the moisture content 
a non-consumable proportion of 10 20 per cent. An artificial medium 
would be preferable. It w'as found impossible to rear larvae in atmospheres 
whose relative humidity was below 00 per cent, owing to the desiccation 
of the ox liver aud the consequent migration and death of the larvae. 
Larval stagcjs were reared therefore in 21 environments. 

As soon as the full-fed larvae commenced to leave the medium they 
were transferred to cans containing a layer of soil I cm. thick. The soil 
was a finely siftrcd sandy type which required, after heating for 2 hours 
at 1(X)° C., the addition of 40 per cent, of its mass of distilled water to 
saturate it. The soil moisture values adopted wore 100 (saturation), 75, 
50, 25 and 0 per cent, (absolute dryness), so that the prepupae and pupae 
wore reared in 35 environments. 
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The mean sex ratio of the flies reared was 53 : 47 males to females. 
According to Herm8(7), however, the sex ratio of Lucilia sericata varies 
between 28: 72 and 65: 35 males to females according to the length of 
the larval feeding period, starvation raising the rate of mortality among 
female larvae and so producing an excess of males, a fact which has been 
noted also by Wcidling(i8) for Calliphora nyihroccphala. Taking Herms’ 
figures and estimating the maximum number of eggs per female as 9<K), 
the value of Z for Lvailia sericata should lie between 315 and 648. The 
value of n for the number of generations between May and October is 4 
in northern latitudes, so that the potential number of individuals at the 
end of the flight season, May to October, should lie between 315^ and 
f)48^ for each female of the emerging generation of spring individuals. 

IV. The incubation pekiod. 

It is probable that egg development (‘ommenees before the egg has 
left the parental oviduct, but the incubation period will be regarded here 
as commencing with the moment that the egg is completely extruded 
from the parental cloaca, and terminating with the moment when tlie 
larva has completely extricated itaelf from the shell, an operation w'hich 
requires a minimum of 2 minutes. 

The majority of eggs were incubated in darkness, preliminary ex¬ 
periments having suggested that the incubation period is not aftVeted in 
duration value by the absence of light. The incubation values for the 
particular environments used were as follows, t he values being given in 
hours: 

Relative atmospheric humidity 


Temp. °C. 

UK) % 

80% 

W)% 

37 

7-5~ 7-8 

— 

— 

30 

9-6-IO-4 

ior>-ii-o 

n-6-13 0 

20 

11-5-120 

12*0 13*5 

U(V-180 

20 

19'5-20-5 

210-230 

24 0-2«0 

17-6 

27*0-28*0 

29*0-31*0 

33 0-36 0 

14 

47*0-49*0 

61*0-53*0 

63 0-60 0 

10 

88*0-92*0 

940-1()0*0 

1080-1120 


At 10° 0. there is a tendency for moisture to condense upon the surface 
of the cluster, and the duration values obtained at this temperature value 
may be too high. 

Tlie two values given for each environment represent the mean values 
of iiKUjbation commencement and incubation termination, respectively, 
of a number of egg batches. The interval between each pair of values may 
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be termed the incubation irdervaly and it is found to vary from 20 minutes 
at hi^h temperatures to 4 hours at low temperatures and low atmospheric 
humidities. The incubation interval for a small bat(jh of efrprs is believed 
not to differ materially from that of a natural cluster, to judges from data 
obtaiiKKl by incubating natural clusters. 

No in(‘.id)ation values can be given for atmospheric humidity values 
lower than 00 per cent., as at such values th<^ mortality among eggs was 
almost absolute. 

If the reciprocal of the mean of each pair of incubation values be 
plotted the resulting curve appears to be a skew (uirve. It is simpl(*r, 
however, to regard the mean incubation values at I V and above as 
best fitted by a curve of value 

1 

^~0117x- M2’ 

where // denotes the incubation value and x the temperature. The re¬ 
ciprocal of this curve is a straight line whicdi cuts tlie temperature axis 
at 9-5, a value obviously too high to represent a, the threshold tempera¬ 
ture of egg incubation. The mean incubation values at temperatures 
below 1 r' (.*. are best fitted by a curve of value 

1 


whose reciprocal cuts the temperature axis at o-fi. 

It may be suggested, therefore, that the threshold of egg development 
is around t\ and that at temperatures above It C. there is an ac¬ 
celeration of the velocity of development, associated possibly with th(‘ 
increase in mass of water vapour per unit of saturat/cnl air as the tem¬ 
perature rises. 

The values of li for the various environments may be expressed as 
follows: 


Relative atmospheric humidity 


Temp. ®C. 

100% 

80% 

60% 

37 

101-1*07 

— 

— 

30 

101-1*07 

105-Ml 

1*17-1*25 

26 

1*01-1*07 

M1-M7 

M7-1 :i3 

20 

1*01-1*07 

111-M7 

1*17-133 

17-5 

101-107 

M1-M7 

1-36-1*96 

14 

1*01-1*07 

1*11-1 17 

136-1 96 

10 

101-107 

M1-M7 

1*36^-2 50 


These values, however, are subject to a correction for the resistance 
induced by experimental handling, a correction which lies between I-Ol 
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and 1-07. That is to say, at temperatures within the effective range and 
at 100 per cent, relative atmospheric humidity, the resistance to the 
biotic potential of the egg stage should be at its minimum and Pt 
should equal 

The mortality among eggs at humidities belovr 100 per cent, is due 
to a contraction of the egg shell which kills the contained embryo or 
prevents the emergence of the formed larva. 

V. The larval period. 

The larval period lasts from the moment when the emerging larva is 
free from the egg slndl to the moment when it ceases finally to feed. 

Restricting th(‘, term hrvn to this period of the life cycle, there would 
appear to be in the ease of Lucilia mncaia two larval stages, namely, a 
short one terminated within 2 or .‘1 hours after hatching by a moult, an<l 
a longer one lasting from 1 i to days according to temperature and 
again terminated by a moult. The so-called third larval stage of other 
observers is identical witli the stage termed here prepuj)al. 

Of the two larval vstages, the short preliminary one is largely a non¬ 
feeding period spent by the larva in securing an advantageous position 
within the medium. It is the stage during wdiich, in the field, mortality 
is high. The second stage is the true feeding period during which, unless 
interrupted by unfavourable changes in the medium, the larva feeds 
steadily until it attains the condition termed by entomologists '‘full fed." 
These tw^o stages of the larval period will be regarded here as constituting 
one monecological phase. 

The exact moment when the larval period comes to an end is difficult 
to determine with precision. In the majority of individuals it is marked 
by the migration of the animal from the medium, but many full fed in¬ 
dividuals remain wuthin the medium or migrate^ into tin* soil immediately 
below it. 

In the following table of duration values, therefore, although the tw'o 
values given for each environment rtipresent mean minimum and maxi¬ 
mum duration values, nil that can be affirmed with safety is that for tin* 
particular (combinations of temperature and humidity the majority of 
larvae in a batch have duration values lying between the limits given. 
It is not disputed that many individuals have duration values lying 
outside these limits. 

The duration values are as follows, the periods being given in 
hours: 
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Relative atmospheric humidity 


Tomp. "0. 

100% 

80% 

00% 

37 

30^60 

— 

— 

30 

4g-72 

48-72 

~ 

20 

00 84 

48-90 

48 120 

20 

m 120 

90 144 

108 108 

17-5 

108 132 

108 150 

90-192 

14 

108- 192 

168-192 

108-210 

H) 

240-384 

250 370 

300-384 


At 37® C. and in an atmosphere whose relative humidity is below 
saturation, the larvae are restless and prone U) leave the medium before 
they are full fed. Similar behaviour is shown at temperatures around 
30® V. when the humidity is below 80 per cent, and at all temperatures 
wlien the humidity is below (>0 per cent. 

The data concerning the lengtli of the larval period under such con¬ 
ditions are unreliable and art‘ omitted here.The influence of low atmospheric 
humidities upon larval behaviour is probably an indirect one and induced 
by physi(*o-chemi<’al changes in the food medium. Ox liver when in small 
pieces is very susceptible to desi(‘cation. In the field, where the larvae 
are feeding within relatively large masses of medium, such behaviour at 
low atmospheric humidities may not occur. 

Variations in atmospheric humidity, providing that the value does 
not fall below flO per cent., probably affect only slightly the duration 
viable for a given temperatun^ value, since the animal, owing to its habit 
of li(iuefying the food medium, creates its own atmospliere, and lives in 
an atmosphere approaching saturation. 

Changes in atmospheric temperature of less than in value do 

not appear to influence the duration value appreciably, possibly owing 
to the embedded, semi-iiisulated position of the larvae in the food 
medium, lender field c-oiulitions there is undoubtedly a high degree of 
resistance to potential abundance through the failure of first stage larvae 
to secure a place within tlie medium, lender conditions of laboratory 
experiment, however, competition can be reduced to a minimum and th(' 
actual resistance to potential abundance should not exceed M, a valu(* 
which can be ascribed to imperfections of technique and to the tendency 
of some individuals to remain within the medium and be killed by its 
subsequent desiccation. In the field, too, there is probably a high degree 
of resistance to potential abundance induced by parasites and predators 
of the second larval stage. 

Peairs(ii) found that, in the case of Lucilia caesar, the percentage 
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of larvae which did not develop further varied from 94-8 per cent, at 
6° C., to 11 per cent, at 20° C., to 54 per cent, at 35° C., the humidity 
value being 100 per cent. Peairs, however, included under the term larva 
the stage regarded here as prepupal, a stage in which the rate of mortality 
at all temperatures is admittedly high. 

At temperatures between lO"^ C. and 37° C. and at a relative atmo¬ 
spheric value of 100 per cent., the mean duration values expressed in days 
are best fitted by a curve of value 

100 

^ ~ Ra: - 8-6’ 

whose reciprocal cuts the temperature axis at 5-3, which may be regarded 
as approximating to the threshold temperature for larval development. 

VI. The pbepupal period. 

The prepupal stage may be defined as a non-feeding, odaphic, mobile 
phase of the blowfly life cycle, which intervenes between the second larval 
moult and the commencement of pupation. It is a stages spent within the 
soil or close to the soil surface and, within the temperature range of 
10-37° 0., the chief significant variable in its environment would appear 
to be the soil moisture content. Any variations of atmospheric humidity 
can only exert an influence through their indirect effect upon the soil 
moisture content. 

The precipitation of atmospheric humidity as rain may, however, 
have a directly inimical effect upon potential abundance should the water 
duty be sufficiently heavy to force the prepupae deeply into the soil or 
to drown them. 

The prepupal duration values for various combinations of atmospheric 
temperature and soil moisture content are as follows. 

In the experiments the soil layer was so shallow that the use of 
atmospheric temperature values instead of soil temperature values should 
not appreciably affect the data. The values are expressed in hours. 


Soil moisture content 


Temp. °C. 

100% 

76% 

37 

80-88 

— 

30 

60-130 

60-137 

26 

— 


20 

— 

— 

17*5 

— 

— 

14 

— 

__ 

10 

— 

— 


60% 

26% 

0% 

48-72 

— 

— 

60-108 

46-82 

86-120 

72-144 

— 

— 

72-168 

— 

130-180 

9(V-192 

— 

— 

144-240 

— 

— 

264-408 

— 

— 
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The gaps in the table indicate where the mortality exceeded 70 per 
cent. At all combinations of atmospheric temperature and soil moisture 
content, some prepupae were reared through to the pupal stage, but 
under conditions of soil saturation and absolute dryness, and to a less(T 
degree, of 75 per cent, and 25 per cent, of saturation, the percentage 
mortality was heavy, often in a batch being absolute. Particularly was 
this the case at temperatures below 30® C. 

It is not certain that such a high value of resistance to potential 
abundance can be attributed altogether to temperature and soil moisture 
conditions. The occurrence of a percentage mortality in all batches under 
all thii conditions of temperature and moisture content would suggest 
that internal factors of the organism are to some extent responsible. The 
a(;cumulati()n of uric excretions in the tissues, wdiich Eoubaud(i3) asserts 
to have an influence upon prepupal duration values may be one such 
intrinsic factor. 

Death in a saturated atmosphere is characterised by a peculiar ex¬ 
tension and rigidity of the body, such that the prepupa becomes almost 
twice the normal length, and by a rapid darkening of the tissues. The full 
fed larva seems to experience some difficulty in completing the moult 
which ushers in the prepupal stage. 

Under field conditions there is a high degree of mortality among 
prepupac? during periods of continuous infra-zero temperatures and of low 
moisture conditions. In areas of low rainfall, therefore, the maximum 
abundance of Lucilia serimta may be expected in the vicinity of water 
courses, and in areas of severe winter temperatures the maximum 
abundance should occur in urban districts where the prepupae have greater 
opportunities of securing positions sheltered from frost. 

The optimum conditions of soil moisture would seem to be a short 
range of values on either side of 50 per cent, of saturation, and the 
migrations of prepupae from the larval medium are carried out with the 
aim of attaining this comfort condition’’ of soil moisture. 

Within the temperature range of 10-37® C., and with a soil moisture 
content around 50 per cent., the duration values of the prepupal stage, 
expressed in days, are best fitted by a curve of value 

1(K) 

l-i7a;- 4-87’ 

whose reciprocal cuts the temperature axis at 4'2. 
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VII. The pupal perjod. 

The pupal stage is demarcated somewhat indeterminately from the 
preceding stage by a loss of mobility and a change in shape from the 
pyramidal form, of the larva and prepupa, to the characteristic barrel¬ 
like form of the muscid puparium. 

Once pupation has been attained, the chief significant variable in the 
environment which influences the duration value is the soil temperature, 
soil moisture content not appearing to exert an appreciable influence 
except that extreme dryness may prolong it indefinitely. The early work 
of Dewit;5(4) would suggest that the oxygen content of the soil is an in¬ 
fluential factor also, but no data can be offered here in support of this 
view. Physico-(‘hemical factors of the environment would seem to offer 
a negligible value of resistance to the potential abundance of this stage. 
Such resistance as occurs under field conditions is offered by biotic; factors. 

The following are the duration values for various values of atmo¬ 
spheric temperature. The soil layer was very thin, so that the data are 
probably in accord with the values obtained under conditions of constant 
soil temperature. The periods are given in days. 

Atmospheric temperatme C.). 

37 30 20 20 17-5 14 10 

Never eiTier^red 0 8 7-11 11-13 14-10 18-22 .35 45 

At temperatures above 30® C., and below 10® C., the duration value 
is prolonged indefinitely. 

The mean values are best fitted by a curve of value 

100 

' 0-57a- - 3-2’ 

whose reciprocal cuts the temperature axis at 5'6. 

VIIT. The total fre-imaginal period. 

The duration values for the total pre-imaginal period of the life cycle 
under conditions of 100 per cent, relative atmospheric humidity, 50 per 
cent, soil moisture content, and within the range of 10~30®C., are as 
follows, the values being expressed in days: 


7’emp. 

Egg 

Larva 

i’repupa 

Pupa 

Total 

30 

0-40-0-43 

2 0- 3-0 

2 5~ 4-5 

6-0- 8-0 

10-9-15-9 

20 

0-48-4)-60 

2-5 3-5 

3 0- 6 0 

7-0-110 

13-0 21-0 

20 

0*81-0‘85 

4 0- 5-0 

3-0- 7-0 

11-0-130 

18-8-25-8 

176 

M2-M6 

4-5- 5-5 

4-0- 8-0 

14-0-160 

23-6-30-6 

14 

1-98-204 

7-0- 8-0 

6-O-10-0 

18-0-220 

33 0-42-0 

10 

300-3-80 

lO'O-lO-O 

110-170 

34*0-46-0 

58-6-82-8 
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The values given for the total period are, however, too low, since the 
prepupal and pupal stages would be spent normally in soil which is lower 
in temperature by several degrees than the atmospheric temperature in 
which the egg and larval stages are spent. 

A general correction, however, cannot be applied siiux* it depends 
upon the values of two factors which are variables namely: 

(i) The depth to which prepupae descend into the soil to pupate, 



Fig. 1. Curves of development and veloeity of development of tJie piv-iningiu.il life 
C 3 ^cle of LncUia nericata under the conditions given. 


a depth which, although not exceeding the water level, and coinciding 
usually with the level where the soil moisture content is lietween 40 and 
60 per cent., is a factor which will vary in value according to the nature 
of the soil. 

(ii) The difference between atmospheric temperatures and soil tem¬ 
peratures at this depth, wdiich again wdll vary according to the nature of 
the soil and according to the nature of the vegetative covering. 
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General conclusions. 

1. The resistance of the environment to the potential abundance of 
the pre-imaginal life cycle stages of JAidlia sericata is most pronounced 
during the first larval stage and the prepupal stage. 

2. The major significant variables in the environment wliich limit 
the potential abundance are, in order of importance, as follows: 

(i) Values, during the season of imaginal activity, of atmospheric and 
soil temperatures, outside an optimum range lying between 30° C. and 
37° C.; values of relative atmospheric humidity outside an optimum range 
of 100 per cent.; values of protide moisture content outside an opti* 
mum of 25-30 per cent.; values of soil moisture content outside an 
optimum range of 40-60 per cent.; these variables increase the duration 
values of the life cycle stages, limit the number of annual generations, and 
limit the potential population density at the commencement of hiberna¬ 
tion or aestivation. 

(ii) Values, during the season of hibernation or aestivation, of soil 
temperature outside an optimum range of 10 30° C. and of soil moisture 
content outside a range of 40 *60 per cent. These variables influence the 
rate of mortality and the duration value of the hibernating or aestivating 
prepupal stage. 

(iii) Unfavourable ratios between the female population density of 
each generation and the available mass of oviposiiion nu'dia; com¬ 
petition induced between ovipositing females restricts the potential egg 
production and induces an unfavourable ratio between the number of 
eggs deposited per unit mass of medium and the number of larvae which 
can secure feeding positions within the medium. 

(iv) Variations in the physico-chemical constitutions of the larval 
food medium induced by variations of atmospheric humidity, by air 
movements, by fungi and bacteria. Such changes in the medium curtail 
the larval* stage and induce a high mortality rate among succeeding pre¬ 
pupae and a low proportion of females in the succeeding imaginal phase. 

(v) Biotic factors, particularly parasites and predators of the second 
larval stage. 

3. The minor significant variables in the environment include values 
of relative atmospheric humidity unfavourable to egg incubation; un¬ 
favourable values of non-consumable constituent in the larval food 
medium; air movements, which induce variations in relative humidity, 
diminish the moisture content of oviposition media and so, by rendering 
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them unattractive to the ovipositing female and influence the ratio 
between female population density and available oviposition media; pre¬ 
cipitation of atmospheric humidity, which may remove feeding larvae 
from the medium, may increase the mortality rate among prepupae or 
may compact the soil surface and so restrict the successful emergence of 
imagines ; predators of the imaginal stage. 

4. In an environment in which the temperature and moisture content 
of the medium, whether air, protide or soil, are within the range of values 
optimum for the stage under consideration; in which the factor of com¬ 
petition between individuals is minimised by adjustment of the ratio 
between initial population density and volume of medium: and from 
which air movement, precipitation, predators and parasites are excluded, 
the value of environmental resistance to the biotic potential of the stage 
will equal unity and the final population density will equal the initial 
population density. They may be in the case of the egg stage a resistance 
valuf‘ induced by imperfections of technique, and in the case of the pre- 
pupal stage a value of resistance due to intrinsic factors of the organisms 
themselves. 

5. The mean duration values of the total pre-imaginal period of the 
life cycle at temperatun's between 10° (\ and 13' C. at a relative at¬ 
mospheric humidity value of 100 per (^ent., and a soil moisture content 
value around 50 per cent., are best fitted by a curve of value 

100 

J.6’ 

where // denotes the duration value and jr denotes the temperature value. 
The reciprocal of the curve is a straight line which intersects the tem¬ 
perature axis at 5-5. 

The curves for the duration values of the larval, prepupal and pupal 
stages have reciprocals wdiich cut the temperature axis at 5*3, 1*2 and 
5*(i respectively. These values are believed to approximate to the actual 
threshold temperatures of development and the velocity of development 
between 10^ C. and 30° C. is believed to be uniform for these stages. 

In the case of the egg stage, the reciprocal of the curve of duration 
values, at 14° C. and below, cuts the temperature axis at 5*0, but the 
r(‘ciprocal of the curve of values at temperatures above 14° (\ cuts the 
axis at 9*5. It is suggested that the actual threshold temperature is 
around 5*6 and that at temperatures above 14° C. there is an accele¬ 
ration of the velocity of development, correlated with the increasing 
mass of water vapour per unit of saturated air. 
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The conclusions given above are based upon data obtained chiefly in 
the laboratories of the Universit}^ of Minnesota, and the author acknow¬ 
ledges with gratitude the facilities placed at his disposal by Dr Royal N. 
Chapman, Chief of the Division of Entomology in the University of 
Minnesota. 
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through au acid trap to recover any ammonia that might be carried over 
])y the air stream, but the amount of ammonia so carried over was found 
to be negligible. 

The bacteria in each flask were counted daily wdth a Thoma haemo- 
cytometer, duplicate loopfuls being taken from each culture. The 
numbers of bacteria are recorded as millions per c.c. of medium. 

A blank estimation of ammonia was made on the medium before 
inoculation in every case, and after inoculation tlie ammonia content of 
each culture was determined at weekly intervals. The method used was 
that of Woolf (:?2). Two samples of 1 c.c. each were used in each deter¬ 
mination, the ammonia being driven off by aeration in presence of 
saturated potassium carbonate solution, and caught in 3 per cent, boric 
acid containing JO c.c. 0-2 per cent, brom-crcsol green per litre, and 
titrated directly with 0*005 N sulphuric acid made up in tlie same boric 
acid-brom-cresol green solution. Each c.c. of acid was equivalent to 
0*085i mgm. The titrations were carried out, using a micro- 

burette, and in nearly every case the duplicate samples gave a difference 
in titration of l(‘ss than (^05 c.c. The concentration of ammonia is 
recorded as mgm. per c.c. of medium. 

The longest time that any culture was kept was seven weeks; several 
were discarded earliei*, either because of contamination or because the 
bacteria were so clumped together as to make accurate counting 
impossible. 

Results. 

The nature of the results obtained can be illustrated by considering 
two typical cultures, numbers 7 and 8. These two cultures were started 
at the same time, Culture 7 being inoculated with ten times as many 
bacteria as Culture 8 (b94 million and 00 million per c.c. of inoculum), 
and were both kept for the full period of the experiment, namely, seven 
weeks. They were both in the “noii-aerated'’ series, /.c. those kept in 
flasks stoppered with cotton-w’ool. 

Culture 7. (Fig. 1.) 

The bacterial numbers in this culture are seen to fall slightly during 
the first three days; this is follow'ed by a rapid rise to over (JdO million 
per c.c. on the twelfth day, then a slight drop, followed by a rise to 900 
million at the end of the third week, and another rise to nearly 1200 
million at the end of the fourth week; after this the numbers fluctuate 
about 900 million per c.c. 
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Numbers of a Soil Bacterium . 

Considering the amount of am m onia present per c.c., it is seen that 
this increases slowly during the first week, more rapidly during the 
second week, and thereafter the rate of increase falls off continuously. 

The nature of this curve of ammonia production will be discussed 
later, but at present it is sufficient to note, firstly, that the formation of 
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ammonia is extremely slow; as the amount of ammonia present is still 
increasing at the end of seven weeks, the process is evidently not com¬ 
plete ; and, secondly, that the theoretical end-point of the reaction deduced 
from the curve is in the neighbourhood of 0-4 mgm. ammonia per c.c., 
which corresponds to less than 50 per cent, of the total nitrogen present 
{47-5 per cent.). 



Jane Meiklejohn 


619 


Culture 8. (Fig. 2.) 

In this culture the bacterial numbers remain at a low level, below 
40 million per c.c., for nearly two weeks: then a slight rise at the beginning 
of the third week is followed by an extremely rapid rise to nearly 800 
million, at twenty-two days. The maximum number, 850 million per c.c., 
is reached at the end of the fourth week, and the bacterial numbers then 
fall off, with fluctuations, to an average of about 470 million in the 
seventh week. 

The amount of ammonia present per c.c. shows no increase at all in 
the first week, and only a very small increase (0*01 mgm.) in the second; 
there is a greater increase in the third week, and still greater in the fourth, 
and then the rate of increase falls off continuously. 

On comparing these results with those obtained from Culture 7, it 
will be seen that there is a conspicuous retardation, both of bacterial 
grow/ and ammonia production, during the first two weeks. The 
bacterial numbers in Culture 8 then follow^ roughly the same course as 
those in (’iilture 7, though at a low'er level. 

In spite of the great retardation in ammonia production in Culture 8 
(‘ompared with Culture 7, once the reaction does start it proceeds with 
as great a velocity: the amount of ammonia formed in four wrecks from 
the start of the reaction (wiiieh is taken as the end of the second w'eek 
after inoculation in the case of Culture 8) is 0*297 mgm. per c.c. in 
Culture 8, as against 0*281 mgm. in Culture 7. 

The results obtained from the other cultures are similar to these, and 
w ill not be discussed in detail. The retarding effect of the diluted inoculum 
was observed in every case. 

Effect of aeration, (Fig. 3.) 

It will be noticed in the description of the methods used that the last 
six cultures to be set up w’ere kept with a slow" current of air passing 
through the liquid. There were certain differences between these “aerated ' 
cultures and the cultures kept in stoppered flasks (“non-aerated*’). 

The ‘'aerated'^ cultures show^ed a much quicker initial increase in 
bacterial numbers; the initial “lag'’ period in these cultures wiiich re¬ 
ceived a large inoculum is reduced from three or four days to one or tw"o 
days, and by the fourth day the numbers have reached 400 millions per 
c.c. or more. The average bacterial numbers over the whole period, how¬ 
ever, are no greater than in the “ non-aeratedflasks over the same 
period. Corresponding to this greater initial increase in bacterial numbers, 
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the ammonia produced in the first week was higher in the “ aerated ” than 
in the “ non-aerated ” cultures. The relations between bacterial numbers 
and production of ammonia are, however, substantially the same in the 
“aerated*’ as in the “non-aerated*’ cultures, and they are therefore 
considered together in the statement of these relations. 

When the cultures are all considered together, several interesting 
results emerge, which will now be discussed. The first of these is the 
effect of diluting the inoculum \ this has been described for Cultures 7 and 
8, and the same effect was observed in every case. 


Table I. 


Effect of diluting the inoculum. 
Undiluted Dilutc^l 


In- 

(K'ulura 

Culture (millions) 
1 1000 

3 1033 

5 1024 

7 1388 

9 1438 

11 * 1100 

13* 1488 

15* irm 


A\ tuage 
bafU'rial Ammonia 
nos. in produced 
tirst week in first 


(millfons week (mgm. 


per c.c.) 

per c.c.) 

109 

0-0230 

101 

0-0247 

9(i 

00310 

114 

0-040<) 

44 

0-0140 

310 

0 1093 

210 

0-070 

.321 

0-1170 


In- 

ociilum 

Culture (millions) 
2 132 

4 158 

0 94 

8 131 

10 102 

12* 103 


Average 

bacterial 

Ammonia 

noe. m 

produced 

fir«t week 

in first 

(millions 

week (mgm, 

per c.c.) 

}>er e.c.) 

22 

Nil 

21 

Nil 

20 

Nil 

23 

Nil 

25 

Nil 

108 

0 0307 

72 

0-0245 

22 

0tK)19 


14* 190 

10* 290 

* "Aerated” cultures. 


It will be seen from Table 1 that both the bacterial numbers and the 
ammonia production arc very much depressed during the first week by 
diluting the inoculum, and that this depression is apparent in the 
“aerat/od*’ as well as in the ‘‘non-aerated" cultures. In the “non- 
aerated*’ cultures no ammonia at all is produced in the diluted inoculum 
cultures during the first week, and the average bacterial numbers do not 
rise above 25 millions per c.c. The average ammonia production in the 
first week is 0*0047 mgm. per c.c. for all the “diluted ’ cultures, as 
against 0*054 mgm. per c.c. for all the “undiluted.” Once the initial 
depression is over, however, the “diluted” cultures follow the same 
course as the “undiluted.” Thus the average production of ammonia in 
four weeks after the reaction begins in Cultures (>, 8 and 10 is 0*233 mgm, 
per c.c., which compares well with the average of 0*292 mgm. per c.c. 
produced in Cultures 5, 7 and 9. 
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The next question to be considered is the naiare of (he curve ofamwonia 
2Jroducftou, 

As will be seen by reference to Figs. 1 and 2, the general form of the 
curve representing the amount of ammonia present is very similar to the 
curve of an autocatalytic reaction (14,15). To tost the correspondence of 
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these curves with the autocatalytic curve, the relative rate of increase 
per cent, during any given week was plotted against the amount of 
ammonia present at the beginning of that week: in the case of an auto* 
catalytic reaction the resulting graph should be a straight line (8). The 
results obtained from some of the cultures are shown in Fig. 4. 

It will be seen that there is a very close approximation to a straight 
line in all cases, except for the readings obtained in the first week or two 
weeks, which deviate more or less from the straight line. This indicates 
that the curves of ammonia production obtained correspond to an auto¬ 
catalytic curve only in the latter part of their course. There is evidently 
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some irregularity in the first part of the curve; this is also shown by the 
fact that in four cases (Cultures 7, 8, 15 and J6) the period of greatest 
increase does not coincide with the formation of half the theoretical 
amount of ammonia. Thus, in the case of Culture 7, the theoretical end¬ 
point of the reaction is reached at a concentration of about 0*1 mgm. 
ammonia per c.c.; half this amount, 0-2 mgm. per c.c.. is present in the 
culture at some time during the third week (see Fig. 1); but the greatest 
reaction velocity is ol)scrved during the second week, when 0-126 mgm. 
ammonia is formed, as against 0-052 mgm. in the third week. 

Change in reaction of the medium. 

The reaction of the medium became more alkaline during the course 
of tlie. experiment; as has been previously stated, the initial pH was 7-2 
in every (^ase, while the pH in those cultures which were kept for the full 
period of seven we(‘ks was 8-5 at the end of the experiment. 

Relation uetween bacterial numbers and 

AMMONIA PRODUCTION. 

In comparing bacterial numbers with ammonia production, it is first 
of all necessary to find a definite measure of each of these two variables 
to us(‘ as a basis for comparison. In the comparison which follows 
(Table 11), the bacterial numbers have been measured as the average 
bacterial numbers per week in millions per c.c. (referred to as n), and the 
j)roduction of ammonia is stated as the increase in concentration of 
ammonia per 21 hours, in mgm. NH3 per c.c. (referred to as P). 

Now it will be plain from a study of Table II that the relation be¬ 
tween tliese two quantities, P and /q is not one of simple proportion. If 
we consider Culture 7, for instance, we see that the greatest increase in 
concentration of ammonia occurs in the second week, when the average 
number of bacteria is about 156 millions per c.c.: the rate of inert^ase then 
falls off in the third and fourth weeks, in vspite of the fact that the 
numbers of bacteria are rising to an average of 670 millions per c.c. in 
the third week, and 890 millions per c.c. in the fourth week. On the other 
hand, a greater value of P in the second wTek compared to the first week 
is accompanied by a rise in average bacterial numbers, as is also the c*ase 
in the third and fourth weeks of Culture 8. 

If the rate of production of ammonia (P) were simply proportional 
to the average bacterial numbers («), then the '‘efficiency’’ of the 
bacteria, i.e. the amount of ammonia produced by each individual 
organism, would be a constant quantity. As this is not the case, the 

40—2 
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efficiency must be a variable quantity, depending on the values of 
P and n. 

Table 11. 


Values of P and n. 


Culture 

Week after 
inoculation 

n 

(millions 
per c.c.) 

P 

(ragm. per c.c.) 

Q 

1 

1 

106 

0 0034 

0-0319 


•) 

241 

- 0 006 

0-0250 

2 

1 

22 

Nil 


3 

1 

101 

0 0035 

0-0349 


2 

227 

0 0(K)8 

0-0301 


3 

158 

0-(K>81 

0-0512 

4 

1 

21 

Nil 

— 


2 

70 

0 (K)36 

0-0522 

5 

1 

96 

0 0045 

0-0404 


2 

299 

0 0095 

0-0316 


3 

101 

0-0105 

0-0649 


4 

214 

(HK)8J 

0 0380 


5 

230 

0 0003 

0-0276 

(i 

1 

20 

Nil 

— 


2 

54 

OlK)22 

0-0410 


3 

336 

00105 

0-0312 


4 

677 

0-0106 

0-0156 


5 

660 

0-0082 

0-0124 


() 

009 

0-CK)73 

0-0119 

7 

1 

114 

0-(H)58 

0-0509 


o 

448 

0-0179 

0-0401 


3 

(i69 

0-(Ki74 

0 0111 


4 

890 

0-(M>89 

0-0100 


5 

S47 

0-0048 

0 0057 


t) 

901 

0-rK>58 

0 00<i4 


7 

898 

0 0023 

0 rMK>l 

8 

1 

23 

Nil 

___ 


2 

27 

0 0011 

0 0416 


3 

244 

0 0104 

0 0426 


4 

705 

0-0159 

0-0225 


fj 

ri40 

0-(.K)82 

0-0120 


() 

55() 

0 0079 

0-0143 


7 

472 

0-(K)08 

0 0016 

9 

1 

44 

0-«K>2 

0-0458 


2 

233 

0 (K)94 

0 0402 


3 

530 

0-0137 

0 0202 


4 

680 

0 0116 

0-0170 

10 

1 

25 

Nil 

_ 


2 

22 

Nil 

— 


3 

112 

0-0054 

0-0486 


4 

320 

0-0083 

0-0260 


5 

273 

0-009 

0-0329 


« 

335 

0-0053 

0-0158 


7 

301 

0-(K)4 

0-0110 

11 

1 

316 

0-0156 

0-0494 


2 

512 

0-0267 

0-0522 


3 

419 

0-0126 

0-0300 

12 

1 

108 

0-0044 

0*0408 
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Table II (continued). 


Culture 

Week after 
inoculation 

n 

(millions 
per c.c.) 

P 

(mgm. per c.c.) 

Q 

13 

1 

210 

0010 

0 0477 


2 

443 

0021 

0 0473 


3 

210 

0 013 

00021 

U 

1 

72 

00035 

0 0484 

15 

1 

321 

00107 

0 0521 


2 

524 

0014<> 

0 0279 


3 

310 

0()0{)0 

0 0300 


4 

177 

0 0108 

0 0009 

la 

1 

22 

0<M)03 

0*0122 


o 

151 

OOIOl 

0 O(>0S 


3 

2H4 

0 0128 

0 0453 


4 

239 

0(X)83 

0 0348 


The efficiency was expressed as a value Q, such that 


i.e. Q is equal to the amount of ammonia that would be formed in 24 
hours by 1000 million bacteria, under the (‘onditions of the experiment. 
The value of Q was determined from the known values of P and )t in every 
case except those where P was zero, i,e. where there was no increase in 
concentration of ammonia during the week in (piestion. These values arc 
given in the table with the values of P and n. 

In investigating the relation of Q to n, the first question to be 
answered is: does Q increase or decrease in value as increases ? If the 
numbers of ])acteria are grouped in hundreds of milhons, the average 
values of Q for each group are as given in Table III. It will be seen that, 
on the whole, the value of Q diminishes as the value of n increases. 


Table III. 


Average 
bacterial 
num Iwrs 
(millions) 

No. of 
cases 

Average 

value 

of 4? 

Average 

bacterial 

numbers 

(millions) 

No. of 
cases 

Average 
value 
of Q 

Over 800 

4 

0*00706 

300-400 

7 

0*0309 

700^800 

1 

00225 

200-300 

12 

0 0382 

000-7(K) 

0 

0^0134 

100-200 


0 0501 

500->000 

4 

0*0287 

Under 100 

7 

0*0411 

400-500 

4 

0*0208 





If the values of Q are grouped in 0-(K)5 mgm., and the values of n in 
hundreds of millions, the numbers of cases in each group are shown by 
the following correlation table (Table IV). 
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Table IV. 

Under No. of 

100 ICKV- 200- 300- 400- 500- (>00- 700- 8(H)- 900- cases 


Q iindor 0 005 

, 




1 




, 

1 

0 OO,!- 






. 



2 

1 3 

001- 

1 


. 

1 


1 

4 


1 

8 

0015- 

, 


, 

1 


, 

2 



3 

0 02- 

1 


, 

. 


1 


1 


3 

0025- 



2 

1 


1 




4 

0()3- 

. 

2 

2 5 

2-5 

1 





8 

0()35~ 

. 

, 

1 

, 

, 





1 

004- 

2 

1 

2 


1 

. 




6 

0045- 

2 

1 

o 

1 

1 





7 

0-05- 

1 

2 

, 

1 

. 

1 




6 

* 0 055- 



1 


. 





1 

0 00- 


2 

1 

, 

, 

. 




3 

0-0t)5- 

. 

1 


. 

. 

. 




1 

No. oi cases 

7 

9 

115 

7o 

4 

4 

0 

1 

3 

1 l''olaJ 54 


The form of this correlatioi) table at once suggests a linear relation¬ 
ship between Q and n ; that is, that Q falls off regularly, from some fixed 
value for small values of to zero as n approaches 1 ()()(). 

The ungrouped data were examined statistically with the following 
results: 


Mean value of Q = 0*0329, if n =-* 350. Regression eflicient of Q on 
n = — 0*00()04857. Therefore 

Q X 104 = 499- 0*480 //. 



Fig. 5. 
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This relationship indicates that Q should have a value about 0*05 when 
n is zero, and should thereafter fall off regularly until it vanishes alto¬ 
gether about n = 1000. There is no question of the significance of this 
relationship; the standard error of the regression coefficient is 0*0000070, 
showing that it differs significantly from zero. 

Since the relation between Q and n is linear, another way of expressing 
it is to say that the correlation coefficient between Q and n is — 0*095; 
and again, as may be seen by consultingK. A. Fisher stable of significance 
levels of the correlation (8), as there are 52 degrees of freedom, there is no 
question of the significance of a correlation coefficient of this magnitude. 

Having obtained a definite negative linear relation between Q and v/, 
the question that next arises is: in what measure is this high value of the 
correlation coefficient due to the effect of time on the two variables? That 
is, is the relation between Q and n an illusory one, due simply to the fact 
that n increases with time while Q decreases ? 

If the observations of n and Q are grouped in weeks, the average 
values as shown in Table V are obtained: 

Table V. 


Week after 

Mean value 

Mean value 

No. of 

inoculation 

of n 

of Q 

culture's 

1 

137 a 

0 04180 

11 

•) 

2m 1 

0*04133 

12 

a 

:m2 

0*03980 

11 

4 

487-8 

0*02810 

8 

5 

5,31 2 

0*01824 


a 

(l(K) 2 

0*01210 

4 

7 

577*0 

0*00623 

3 


Mean 349 5 

0*03291 

Total 54 


It can be clearly seen from this table that tlie average value of rises 
in successive weeks, whereas the average value of Q decreases with time. 
Jt is, therefore, necessary to discover whether the relation already stated 
to hold between Q and n is entirely due to the time factor, or if there is 
a definite relation between Q and n independent of time. 

If the observations are grouped in weeks, and the variations of Q and 
n within each week considered separately from their variations from one 
week to another, the following results are obtained (Table VI): 



Degrees of 

Table VI. 

Regression of 

Comdation 


freedom 

{Q X 10*) on n 

coefficient 

Between weeks 

6 

-0-6821 

-0*9093 

Within weeks 

47 

-0-3499 (significant) 

-0*5295 (significant) 

Total 

53 

-0-4857 

-0*6951 
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This shows that w'hile there is a large negative association between 
Q and n due merely to the time factor, yet there is also a significant 
negative association which is independent of time. The old regression 
figure of ~ 0*486 becomes — 0*350 independent of time, and the correla¬ 
tion coefficient becomes — 0*5295, but these values are still strongly 
significant. 

The relation between Q and >/, independent of time, can now be 
expressed in the form 

Q X 104= 4.51*4 - 0*350n. 



P5g. 6. 

Now it was stated earlier that the relation between P and was not 
one of simple proportion, so that it could not be expressed in terms of a 
linear relation, or in terms of a correlation coefficient. Any theoretical 
difficulties in the way of determining this relationship have, how^ever, 
been avoided by the calculation of the quantity Q, which bears a simple 
relation to P, and which exhibits so strongly a linear relation to n. 

P X 1000 

For, as (> = . the regression equation for Q can be trans¬ 

formed into an equation in terms of P. 

From the equation of the total regression of Q on n, including the 
effect due to time, we therefore obtain the following equation in terms 
of P.* 


P X 10^ = 499n ~ 0*486n2 
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Tills is a parabolic relationship, and indicates a zero value for P not 
only when w = 0, but also when n is of the order of 1000. P will attain 
a maximum at a point determined by differentiating the above equation: 

499 - 2 X 0-48Cn - 0. 

Therefore « = 513. 

’j, 

So that for n approximate!v’' 500, P attains a maximum value of 
about 0*0128. The curve shows the fifty-four observed points and the 
parabola fitted to these by means of the relations ^iven. 

Similarly, from the relation found between Q and n, independent of 
time, an equation in terms of P can be obtained which is also independent 
of time: 

P :r 10'= 45]*4w - 0*350/^2 

In this case P will have a ziu'O value when w — 0, and again when /? ~ 1290, 
and will attain its maximum value when w = 045. Apart from the effect 
of time on P and the relation between these two variables is still a 
parabolic one. 


11, 8.\N1) CULTURES. 

Mkthods. 

Pure cultures of the soil bacterium “YB’’ were used, either alone or 
with pure cultures of the amoeba Harti)i(U}eUa htfdVnxi^ grown with 

These organisms were grown in sand moistened with a food solution. 
The sand was waslied with hydrochloric acid and then with water, and 
ignited : the reijuired amount (400 or 5(H) gm.) was then autoclaved for 
15 minutes at 15 lb. pressure in a 2 litre flask. 

The solution used was a 0*5 per cent, solution of peptone (B.D.H.) in 
a salt solution of the following composition: NiiUl 0*00 pt^r cent., K(1 
0*001 per cent., CaClg 0*002 per cent., MgS ()4 (>*001 per cent. 

The pH of the solution was adjusted to 7*3 with Nj\0 sodium hydroxide 
(except in experiment VII, where 0*5 per cent, peptone in soil extract 
was used). The total nitrogen content of the peptone solution was 
0*74 mgm. per c.c. 

Suspensions, either of “YB’’ alone or together with amoebae, were 
made in the food solution, and the sand was then inoculated with these 
suspensions by means of a sterile pipette. 1 c.c. of liquid suspension was 
added for every 10 gm. of sand, except in the first experiment, where 
50 c.c. of liquid was used with 400 gm. of sand. 
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Except in the first experiment, where the only aeration was through 
a bent glass tube inserted in the cork of the flask, a slow stream of air 
was drawn over the cultures by an aspirator. The outgoing air was passed 
through an acid trap to recover any ammonia carried over. 

The bacteria and amoebae w^ere counted by the methods in use in 
this laboratory ( 1 ); in the last experiment of the series, however, the 
amoebae were not counted, but their presence or absence was determined. 

Ammonia was determined by the method of Harper (O), a sample of 
25 gm. being used for each determination. The standard sodium hydroxide 
used for titration had a normality of 0-15-0-17 N. Owing to the size of 
the sample required, it was not possible to make duplicate determinations. 

In four of the experiments recorded, T, III, VTT and VIII, the bacteria 
were counted daily; in the other experiments, which were run for longer 
periods, the bacteria were only counted when the ammonia determina¬ 
tions were made. 

The amoebae were counted daily in experiments I and III, and when 
the ammonia determinations were made in the other experiments. 

The methods adopted in each of the experiments recorded here are 
given in Table VII. 

Table VII. 

Details of atethods in sand experiments. 


Culture 

Amoebae 

length 
of ex¬ 
periment 
(days) 

Bays when 

ammonia was Amoeb.'U' 

determined aJ]\e till 

Baeleria 

counted 

(days) 

1 . 

A 

Present 

12 

4, 8, 12 End of exp. 

Daily 


U 

Absent 

12 

4, 8, 12 


III. 

A 

Present 

12 

7, 12 10th day 

Daily 


B 

Aliseiit 

12 

7, 12 

IV. 

A 

Present 

31 

1, 13, 20, 31 End of exp. 

1, 13, 20, 31 


B 

Absent 

31 

1, 13, 20, 31 

1, 13, 20, 31 

VI. 

A 

Present 

41) 

1, 7, 20, 32, 39, 46 End of exp. 

1, 7, 20, 32, 39, 4(i 


B 

Absent 

46 

1, 7, 20, ;J2, 39, 46 

1, 7, 20, 32, 39, 46 

VII. 

A 

IVeaent 

20 

8, 12, 16, 20 End of exp. 

Daily 


B 

Absent 

20 

8, 12, 16, 20 

vm. 

A 

Present 

2S 

7, 14, 21, 28 21st day 

Daily 

•> 


B 

Absent 

28 

7, 14, 21, 28 


Kesults. 

The results obtained from the sand cultures are given in Table VIII. 

For purposes of comparison with the liquid cultures described in the 
second part of this paper, the results are given in terms of c.c. of the food 
solution. 

The bacteria are recorded in millions per c.c. and the ammonia as 
mgm. NH 3 per c.c. 



Culture 
I. A 

B 

III. A 
J3 

IV. A 

B 

VI. A 

B 

VIJ. A 

B 

VIII. A 

B 
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Table VIII. 


Results of satid experiments. 



Average 
bacterial nos. 

Average no. 

Ammonia 
present at 
end of 

Increase 
in ammonia 

Days after 

(millions 

of amoebae 

period 

per 24 hr. 

inoculation 

per C.C.) 

(per c.c.) 

(m^m.perc.c. 

) (mgm.perc.c.) 

0-4 

5.791 

8,300 

0119 

0*030 

4-8 

8,391 

12,276 

0*184 

0 010 

8-12 

11,050 

70,000 

0 288 

0-020 

0-4 

9,321 

None 

0 144 

0 030 

4-8 

11,190 


0*209 

0*010 

8-12 

0,480 

99 

0 203 

0-017 

1-7 

2,228 

30,410 

0 282 

()(>30 

7-12 

312 

20,050 

0-341 

0 012 

]„7 

4,221 

None 

0-295 

0 037 

7-12 

2,358 

„ 

0*320 

0-CKM» 

0 

Bacteiia 
present 
(millions 
per c.c.) 

30 

Amoebae 
pres(‘nt 
(l)er c.c.) 



1 

30,50t) 

275 

0 123 

0 123 

13 

7t»0 

58,300 

0 320 

0*017 

20 

1,078 

40,700 

0 299 

- O'tKM 

31 

3ti9 

75 

0 299 

0 

0 

32 

None 

— 


1 

12,540 


0*094 

0 094 

13 

24,745 

,, 

0 280 

0*010 

20 

1,040 

,, 

0 312 

0*004 

31 

44 

„ 

0 301 

0 004 

1 

435 

275 

0 070 

0 070 

7 

1,144 

390,0fHJ 

0158 

0*015 

20 

705 

1,J(M),200 

0 350 

0*015 

32 

28 

307,400 

0*519 

0*014 

39 

110 

19,800 

0 475 

- O-OOti 

40 

44 

105 

0*321 

- 0*022 

1 

071 

None 

0*070 

0 070 

7 

935 

,, 

0*141 

(►012 

20 

374 

,, 

0*321 

0014 

32 

88 

,, 

0*510 

0 0l(» 

39 

00 

*» 

0 3!>2 

-(>•017 

40 

132 

,, 

0*350 

- 0*005 

0-18 

Aventge no. 
of bacteria 
(millions 
per c.c.) 
1,599 

40,71K) (0 days) 0 387 

0 048 

8-12 

534 

7,040 (12 

„ ) 0-466 

0*02() 

12-10 

795 

— 

0*519 

0*013 

lt^20 

414 

418(20 

„ ) 0*541 

0*000 

0-8 

1,227 

None 

0 240 

0 031 

8-12 

1,379 


0*299 

0-013 

12-10 

2,335 


0*312 

0 003 

10-20 

2,574 

,, 

0 528 

0*054 

1-7 

5,409 

Present 

0-331 

0*043 

7-14 

949 

•f 

0*550 

0*031 

14-21 

414 


0*568 

0(K>3 

21-28 

409 

— 

0-515 

-0*008 

1-7 

5,322 

None 

0*317 

0-041 

7-14 

3,280 


0*405 

0 013 

14-21 

1,003 


0*405 

0 

21-28 

503 

»» 

0*390 

-0C>01 
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Though these results are neither sufficiently numerous nor sufficiently 
accurate for detailed statistical analysis, yet there are one or two points 
of interest that arise from a comparison of these sand cultures with the 
liquid cultures (see Part I), and also from a comparison of the cultures 
containing amoebae with those without amoebae. 

If w^e compare the sand cultures as a whole w'ith the liquid cultures, 
we see first of all that the numbers of bacteria are very much higher in 
sand; in experiment IV counts of 36,500 million and 24,745 million per 
c.c. were recorded, and average counts of several thousand million per 
c.c. are common; whereas in the liquid cultures the highest actual count 
was 1190 million per c.c., and the highest average count 901 millions 
per c.c. 

The rate of increase in concentration of ammonia is also higher in the 
sand cultures, reaching a maximum value of 0*123 mgm. of ammonia in 
24 hours, as against the maximum figure of 0*0267 mgm. in 24 hours 
obtained in liquid cultures. Following on this greater rate of production 
of ammonia, the whole reaction is seen to proceed much more quickly 
in sand cultures. In the sand cultures the ammonia content rises to a 
maximum after three or four weeks, and then some loss of ammonia is 
observed (this ammonia was recovered in the acid traps); in the liquid 
cultures the ammonia content was still increasing at the end of seven 
weeks, and in no case was any loss of ammonia observed. 

The bacteria also seem to be able to decompose a larger proportion 
of the peptone in sand cultures, judging by the percentage of the total 
nitrogen in the medium that is obtained as ammonia. 

In the liquid cultures the concentration of ammonia at the end-point 
of the curve of ammonia production corresponds to only 47*5 per cent, 
of the total nitrogen. 

On the other hand, in the sand cultures, the highest concentrations 
of ammonia obtained, expressed as percentages of the total nitrogen, are 
as shown in Table IX. 


Table IX. 


Culture 

Days after 
inoculation 

% of total 
nitrogen as 
ammonia 

VI. A 

32 

58 

B 

32 

57 

VH. A 

20 

60 

B 

20 

59 

VIII. A 

21 

63 

B 

14 

45 
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In comparing the cultures containing amoebae with those containing 
bacteria alone, since the effect of the presence of the amoebae on am¬ 
monia production is the principal point to be considered, it is during the 
period when the concentration of ammonia is rising (that is, the first 
three weeks after inoculation) that this comparison would be profitable. 

If we compare each period between ammonia estimations in every 
culture containing amoebae with the same period in the corresponding 
culture containing only bacteria, we obtain the following results: During 
the first three weeks after inoculation, in twelve cases out of seventeen 
the bacterial numbers are lower over a given period in a culture containing 
amoebae than in its corresponding culture containing bacteria alone. 
But in thirteen cases out of seventeen the rate of production of ammonia 
is higher in the cultures containing amoebae, and in one case the rate of 
ammonia production is equal in the two corresponding cultures. 

These results can also be expressed in terms of percentages as follows: 
in the first three weeks after inoculation the presence of amoebae causes 
a depression in the bacterial numbers in 70 per cent, of cases, but the 
cultures containing amoebae have a higher rate of ammonia production 
in 76 per cent, of cases. 


DISCUSSION. 

On considering the results reported in the first half of this paper, it is 
evident that, though the course of the reaction (or series of reactions) 
which produces ammonia does not correspond exactly to the course of 
bacterial growth, yet there is a definite relation betw een'the tw o quanti¬ 
ties. As the bacterial numbers increase, the rate of production of am¬ 
monia increases too until a maximum level is reached, and then with any 
further increase in bacterial numbers the rate of ammonia production 
decreases. It must be remembered, how’ever, that there appears to be 
a minimum bacterial content (somewrhere about 25 millions per c.c.) 
below which no ammonia appears to be formed at all. Now this para¬ 
bolic relation between bacterial numbers and rate of ammonia production 
has been shown to be partly due to time. That is, that the bacterial 
numbers on the whole tend to rise continuously throughout the course 
of the experiment, while the rate of production of ammonia rises to a 
maximum and then falls off. But it has also been shown that there is 
a relation independent of time between bacterial numbers and rate of 
ammonia production, which is still of a parabolic nature. 

If we attempt to find an explanation for the nature of this relation, 
there appear to be several possibilities. The first is that ammonia is not 
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really an end-prodiict of the reaction whereby the bacteria are obtaining 
their energy; that is to say, the constituent amino-acids of the peptone 
are first de-aminised, and that the bacteria then utilise the residue of the 
molecule as a source of energy. This view of the decomposition of pro¬ 
teins by bacteria was put forward by Butkevitch (quoted by Waksman 
and Lomanitz)(2i). According to this view, the rate at which ammonia 
was formed would not be an index of bacterial activity. This would 
explain the continued growth of bacteria after the rate of formation of 
ammonia had begun to decrease. 

This explanation, however, seems to me to ])e insuflicient for the 
following reasons: the same kind of relationship between efficiency (Q) 
and bacterial numbers that has been found in these experiments to 
obtain for ammonia formation, has also been observed by Cutler and 
Crump (5) in the case of the formation of carbon dioxide by “YB.” In 
this case, also, there is an inverse relation between efficiency and bacterial 
numbers. 

Now in the case of (‘arbon dioxide tliere is no doubt of its being an 
end-product of the energy reactions of bacteria: and since the relation 
between bacterial numbers and efficiency is of the same kind in l)oth 
cases, it seems as if ammonia can also be regjirded as an end-product of 
the reaction from which the bacteria are ol>taining their energy. It 
follows, that the rate of ammonia production will be an index of the 
activity of the bacteria, and that this a(‘tivity, therefore, reaches a 
maximum at an intermediate value of bacterial numbers, falling off both 
when the numbers increase above this intermediate value, and when they 
fall below it. It is difficult to account for this falling off in activity with 
rising bacterial numbers above the “optimum'’ value: the results 
obtained do not in themselves indicate any cause for this, though several 
conjectures might be made. For instance, the production of a de- 
aminising enzyme by the bacteria may be inhibited by the presence of 
too great a number of bacteria. 

When we come to consider the results recorded in Fart II of this 
paper, some light may be thrown on them by the experiments already 
discussed, althou^^h it should be remembered that the two sets of results 
are not strictly comparable. The differences between the results obtained 
in sand and in liquid cultures have already been pointed out; a similar 
increase in ammonia production and bacterial numbers in sand or soil 
cultures as compared with liquid cultures was observed by Lohnis and 
Green (12,13), and was attributed by them to the greater degree of 
aeration obtained in sand or soil cultures. 
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Now the results obtained from a comparison of the cultures containing 
amoebae with those containing l)acteria alone were of this nature: the 
presence of the amoebae, while they lower the bacterial numbers, yet 
gives an increase in the rate of ammonia production. Now, unless we 
adopt the view that the amoebae themselves are capable of decomposing 
the peptone, and so increasing the ammonia produced, the explanation 
of this raising of the rate of ammonia production while tlie bacterial 
numbers are lowered seems to me to lie in the results already discussed. 
That is to say, that the amoebae are reducing the bacterial numbers 
from too liigh a value to one nearer the ‘‘optimum*’ value for bacterial 
activity, and so are automati(*allv increasing the rate of ammoniji 
production. 

It must be ol)served that it is not suggested that the presence of 
amoebae will increase the amount of ammonia finally formed: what they 
do increase is the rate at which it is formed. It has been shown in Part I 
that tlie latter part of the course of the reaction in liejuid cultures 
corresponds to an autocatalytic reaction, that is to say, the reaction is 
retarded by the accumulation of its own ])roducts. The effect of increasing 
the rate of ammonia formation will therefore be, not to increase the 
amount of ammonia formed at the end of the reaction but simply to (‘arry 
the reaction through more (juickly, provided that, as in the experiments 
recorded her(*, the products of the reat’tion are allowed to accumulate. 
In the sort of conditions actually obtaining in the soil, however, the 
products of suc'h a reaction would be removed by further bacterial action 
as they were produced, and under these conditions thi* presence* of 
protozoa, by increasing the speed of the formation of ammonia, might 
also increase the amount eventually formed. 

srMMAHV. 

]. Two sets of experiments on ammonia production from peptone 
were carried out, one with “ YB" bacteria in liejuid cultures, and another 
com 2 )aring YB’’ and Ilartmandla with YB ‘ alone in sand cultures. 

2 . In liquid cultures an inverse linear relation was found to hold 
between bacterial numbers and efficiency. 

3. The greatest rate of production of ammonia was found to corre¬ 
spond to a bacterial content of about 50() million per c.c., any increase 
in bacterial numbers above this low^ered the rate of ammonia pro¬ 
duction. 

4. The effect of diluting the inoculum ten times was to increase the 
“lag’’ period, both for bacterial growth and for ammonia production, 
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to a week or more; after this extended “lag” period the cultures then 
followed a normal course. 

5 . In sand cultures the presence of amoebae, while lowering the 
bacterial numbers, appears to increase the rate of ammonia production. 

6 . It is suggested that the amoebae reduce the bacterial numbers 
from too high a value to a value nearer the optimum for ammonia pro¬ 
duction, and so increase the rate of ammonia production. 

I should like to express ray thanks to Mr Woolf, of the Sir William 
Dunn Institute of Biochemistry, Cambridge, for demonstrating the 
details of his method to me, and also to Dr Wishart and Dr Fisher, of 
the Statistical Department, Rotharasted, for help in the analysis of the 
results, and especially to Mr D. Ward Cutler, in whose department the 
work recorded in this paper was carried out, for his constant help and 
encouragement. 
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ON THE RESISTANCE OF BASKET WILLOWS TO 
BUTTON GALL FORMATION 

By H. F. BARNES, B.A., VhJ). 

(Entomology D€])artment, Bothamsied Experimental Station, Harpenden.) 

Introduction. 

Of the three gall midges (Oecidomyidae) which commonly do damage to 
basket willows (namely, BhaMophaga heterolria H.Lw., B, terminalifi 
H.Lw. and B. saliriperda Duf.), B, hcterobia is the most important, while 
B, terminalis occasionally occurs in epidemic numbers. B, heterobia^ is 
the common midge whose larvae produce either button-like galls on the 
terminal growing points, sw^ollen bud galls on the lateral over-wdntering 
biids, or sw^ollen catkin galls. Of these the button gall is th(‘ most serious, 
as there follow^s a very great decrease in end growth, while the production 
of side shoots from the low’er lateral buds is stimulated. It w^as thought 
advisable to determine whether different varieties and species of willow- 
showed varying degrees of re^sistance to attack. Tin* facilities given by 
the Agricultural and Horticultural Research Station, Long Ashton, 
enabled the w-riter to make observations on the Long Ashton variety beds, 
and also to set up trials at Rothamsted. This note is in the nat\ire of u 
preliminary report of the w-ork which is being continued. It is hoped 
to test out all the most important varieties in order to gain information 
as to the most resistant kinds of basket w’illow. 

Results of examinatjon of Long Ashton trial beds. 

In order to obtain some idea of varietal resistance it w’as decid(‘d to 
make annual observations on the willow^ variety beds. In 1927 and 1928, 
nineteen varieties of S. triandra and the hybrid rimi)talis ' friandra'^, 
known as Black Top, w-ere examined. In both years it w-as obvious from 
the figures obtained that some varieties w-ere very liable to attack wdiile 
others were less so. In 1929 the infestation by the midge w-as so slight 
that it was considered useless to try to differentiate betw^een the attacks 
on the different varieties. It w^as found that some varieties which were 
estimated to be free from attack in 1927 w-ere attacked in 1928. This was 
possibly due to the fact, discovered later, that the oviposition of eggs in 

^ Barnes, H. F., ^‘Button Top” of basket willows, Journ, Min, Agric, Ajiril 1929, 
pp. 65-71. 

- Botanically named hippoxihaefolia. 
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the terminal bud by the midge does not always result in the formation 
of a button gall: sometimes the shoot merely dies off, and in such a case 
as this it would be extremely probable that the attack would be over¬ 
looked. 


IlOTHAMSTED VARIETY TRIALS, 1929. 

In order to obtain more critical results it was decided to set up variety 
trials at Rothamsted under controlled conditions- A glasshouse which 
had four beds 12 >: 3 ft. w^as used and each bed, after being planted with 
sets of different varieties, w^as covered with a muslin cage 12 a 3 x H ft. 
high suspended from the roof and with its canvas base dug into the soil. 
This prevented insects from either entering or leaving the cages and 
plants. On each side of the cage two sleeves were made in order to insert 
button top midges. The roof of the house W’as partially whitew^ashed to 
keep off the sun’s rays during the hottest part of the day; all the windows 
and doors were left open and the floor was flooded periodically to ensure 
sufficient moisture being present. 

The varieties of basket wdllow were randomised, four to six sets of 
each variety being planted in each l)ed in such a way that midges had 
equal chances of alighting on any of the four or three varieties present. 
In the first cage there were tour varieties—Champion, Black Maul, 
New'kind and Harrison, the latter a hybrid purpurea a ritninaliiHy and in 
the second cage three varieti(^s—Light French, Stone Rod and Pom¬ 
eranian. The third cage had three varieties, but the experiment w^as spoilt 
by an attack of the a})hid, Chaitophoras capreae Koch., wdiose eggs had 
undoubtedly been accidentally introduced on the sets. 

Given numbers (Ifi and 20) of female midges, wdiich had previously 
been observed to have been impregnatt*d, were put into the cages 
througli the sleeves on May 2t)th and 27th. No further additions w^ere 
made, but those present were left to multiply uncheck('d till the end of 
the season. Three broods of adults attacked the wdllow’s, those inserted 
in May and two generations of their descendants, the about July 11th- 
15th, and the about August 19th. On June 21st all the galls of the 
parent midges were marked and counted, and on August 9th all the galls 
of their first generation were likewise marked and counted. The galls of 
their second generation w’cre not counted, as it w'as obvious that very 
great midge overcrowding had taken place, and any count w'ould not 
give any true idea of attack. It w’^as observed, how ever, that the variety 
Harrison did not suffer attack by the second generation. The reason for 
putting in so few females at the beginning of the experiment was to make 

41—2 
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the trial preferential at the beginning of the season and then less so in 
the next generation of midges and obligatory in the second generation of 
descendants of the original midges. 

The results of the counts are shown in the following table, where it 
will be seen that the Harrison variety has so far been immune. 



No. of shoots 
available to 

No. of 
button galls 
produced by 

A 

No. of shoots 
killed but 
without gall 
formation by 
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-^ 



-\ 
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midges midges 

Parent 
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Ft 
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midges 

midges 

midges 
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midges 

Bed 1 

Champion 

24 

117 

13 77 

3 

10 

66 

74 

Black Maul 

17 

39 

8 2G 

1 

5 

r»3 

80 

Ne\^ kind 

21 

122 

17 7b 

2 

2.5 

86 

83 

Harrison 

18 

18 

0 0 

0 

0 

0 

0 

Bed 2 

Light French 

27 

221 

0 5 

16 

83 

.59 

40 

Stone Rod 

22 

^89 

12 b7 

7 

12 

K6 

89 

J’omeranian 

32 

138 

10 80 

2 

36 

38 

84 


From this table it will be seen that button galls develop almost when¬ 
ever eggs are laid in some varieties, in others, e.g. Light French, quite a 
considerable number of shoots die without forming such galls. Although 
the same result follows, i.e. side branching, it is valuable to have such 
varieties as the midges do not develop and increase to the same extent as 
if every attacked shoot developed a button gall. The extent of side 
branching can also be seen from the table; for example, Champion 
started with 24 shoots, but after one attack had 117 shoots. 

Conclusions. 

Different varieties of basket willow show different susceptibility to 
attack by the button-top midge. 

Whereas one of the varieties tested, Harrison, showed a complete 
immunity through three generations of midges, the remaining five 
varieties were heavily attacked. 

The shoots of some varieties, although attacked, do not always form 
button galls, nevertheless side branching occurs. 
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PROC^EEDINGS OF THE ASSOCTATION OF 
ECONOMIC BIOLOGISTS. I 

Okdinary Meetin(} held at 2.30 p.m. on Friday, February 21 at, 1930, 
in the Botanical Lecture Theatre of the Imperial College of Science and 
Technology, London. The Chair was taken by the President, Dr A. D. 
Imm,s, F.K.S. 


THE UTILITY OF 1VUTHE.M.4TICAL METHODS IN RELATION TO 
WORK ON BIOLOOICAL ('ONTROL. 

By W. R. THOMPSON. Pu.D., D.Sc. 

(Imperial Bureau of Enlornology.) 

The term “biological contror’ may be lined to designate either the check on the 
multiplication of plants and animals exerted by other organisms, or the mtdhods of 
economic entomology by vihich wc seek to reduce or prev^ent loss through noxious 
plants and insects by the employment of other and beneficial organisms which prey 
u j)on them in various ways. 11 is in the lal ter sense that the term is used in this address. 

Although work on biological control has been going on for a considerable number 
of yi*ars, our knowledge in regard to this subject has not advanced very rapidly. The 
reason for this is that the process of biological control presents peculiar dilliculties as 
comjiared, for example, with the methods of mechaiii(‘al control, such as spraying, 
which can be conducted on orthodox experimental lines. In the most common form 
of experiments on biological control we introfluce the beneticial insect attacking a 
noxious animal or ])lant into an environment in which it has never before lieen ob¬ 
served, and which is positively known to resemble its original environment only in the 
presence of the host organism. It is, hoAvever, obvious that the etfectiveness of the 
introduced parasite or predator v\ ill dt‘[>e'nd not simply on the pre.sence and abundance 
of the host but on a precise and definite combination of all the environmental 
factors. If we introduce a beneticial insect into two different regions inhabited by the 
same host insect, the results may be very different. For example, according to Till- 
yard, Apkeliuufi ruali in New Zealand is very effective as a control for the Woolly 
Aphis, whereas in England and on the Continent this parasite seems to be rather un¬ 
important. Similarly, although Notius cardinaVm has proved an effective remedy for 
the Fluted Scale in praetically all parts of the workl, [ am informed by Dr Boden- 
heimer that it is not always a perfect control for this [lest in Palestine. The introduction 
of a beneficial insect into new countries constitutes, in a certain sense, a new and 
unrepeatable experiment. It is, therefore, very hard to draw any conelusions of general 
interest from the past and present u'ork on biological control, especially since it is 
often a very long time before any experiment can be considered as concluded. This 
makes it very difficult to conduct this work on anything but purely empirical lines, 
though all entomologists will agree that the organisation of the work on a scientific 
or rational basis is highly desirable. 
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Now here, as elsewhere in natural science, the difficulty arises chiefly from the 
bewildering perplexity of events as they occur in nature. It would be impossible to 
follow, even during the course of a single season, the complicated interactions between 
an organism, its parasites and predators, and the various environmental factors. The 
only remedy for this difficulty is to attempt to simplify the problem, which may be 
defined for the purpose of the present argument as the problem of the interactions of 
noxious animals and plants and their insect parasites or predators. 

There are two ways in which this simplification may be attempted: the first is by 
experimental analysis, and the second by mathematical reasoning. The simplification 
produced by both of these methods is, of course, artificial, since in each case the com¬ 
plications w hich w’e find in nature are avoided by limiting ourselves to certain particular 
aspects of the problem. Each method, however, has its particular advantages and 
disadvantages. 

The advantage of the experimental method is that it enables us to deal with the 
actual living organism, and thus provides us wdth information concerning the habits 
characteristic of certain definite species. Its disadvantage is that any conclusions that 
we draw from it are limited by the specific nature, or the specific characteristics of the 
organism we have used in our experiment. These results cannot necessarily be applied 
to natural phenomena in a general sense. The disadvantage of the mathematical 
method lies in the fact that W'e can obtain from it no information as to the course* of 
events in any particular case. It wdll not give us any information about the character¬ 
istic behaviour of a parasite belonging to a particular species. Its advantage lies, 
how^ever, in the fact that it deals simply with numbers, so that its conclusions have 
an extremely wdde and, indeed, a universal application. 

It is, of course, evident that questions relating to numbers or, in other words, 
questions of the quantitative order, arc of primary importance in economic ento¬ 
mology. The problems the economic entomologist is asked to take up arise because the 
farmer finds that he is not getting a sufficient amount of money for his crop, having 
regard to the time he has spent in cultivating it, and the money he has invested in 
machinery and land. The damage from which he suffers depends, so far as its intensity 
is concerned, chiefly upon what we may call the number of individuals of the pest per 
imit of area. The number of individuals per unit of area depends chiefly, other things 
being equal, upon the original number of individuals of the pest in the field, the length 
of time they have been there, and their rate of increase during that time. Any 
entomologist who has the slightest experience with practical work in biological 
control realises that those problems are, to a very great extent, problems of a quanti¬ 
tative order. It seems, therefore, on general grounds that mathematical methods 
ought to be of considerable assistance in work of this type. 

Broadly speaking, there are two principal w^ays in w hich mathematical methods 
can be applied to the numerical problem with which we meet in biology. The first is 
known as the method of empirical formulae^ and the second as the md^hod of theoretical 
fortaulae. 

The method of empirical formulae is sometimes described as curve-fitting. Let us 
suppose that we have conducted a series of experiments to determine the relation 
between the length of life of an organism and the temperature of the environmental 
air. When the experiments are completed, we plot the values obtained in a system 
of rectangular co-ordinates of which the ordinates designate the temperature of the 
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environment in degrees Centigrade and the abscissae the life in days or hours. From 
these points we obtain a curve. We then seek among the various families of mathe¬ 
matical curves for one which is morphologically identical with the one corresponding 
to our experimental results, and when this curve, which of course corresponds to a 
deiinite mathematical formula, has been found, the problem may be considered for 
practical purposes as solved. This method has been employed in a vast number of 
physical and biological problems, and is certainly of great utility. It is, however, im¬ 
possible to utilise it in problems of biological control, because we do not at present 
possess the necessary data. 

The method of theoretical formulae is quite different. In this method we begin with 
a statement in ordinary language of the manner in which the quantitative or numerical 
values we are'considering actually arise in nature. We then translate this statement 
into mathematical or symbolic^al language, after which we examine it and analyse 
it by the use of mathematical artifices of various kinds. In order to make clear the 
nature of the method a simple example mav be taken. Let us suppose that Ave have 
twenty host insects, producing each tAVO offspring per generation, and two parasites 
producing each three offspring per generation, and that each one of the progeny of the 
parasite destroys one of the progeny of the host. The course of events will then be as 
follows: 


In Generation 1 we shall have {H " host, P «= parasite): 
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Thus in the fourth generation the number of progeny of the parasite come to be 
superior to the number of the progeny of the host, which can then be considered as 
exterminated. 

It is clear that this (3xample simply describes in a very rough and general Avay the 
course of the interaction of a parasite and its host as it is actually observed in nature, 
and although it is only a very rough and general statement of the case, it does not 
contain anything inherently improbable. 

On the other hand, it is evident that the example has certain limitations. 

It has, in the first place, certain ejcplicit limitations, that is to say, it applies only to 
certain quantitative values explicitly designated,; ten hosts each producing tAvo offspring, 
two parasites each producing three offspring. In the second place, the example has 
certain implicit limitations^ which may not have been perceived at the time it was 
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being framed, but which, nevertheless, exist. Thus (1) the organisms are considered 
to be all parthenogenetic female-producing females; no males are allowed for in the 
example; f2) the successive generations are considered to be distinct and do not over¬ 
lap; (3) the generations of the liost and parasite are considered to be synchronous and 
all hosts available for attack by the parasite; (4) the distribution of both host and 
parasite is considered to be relatively homogeneous during the whole course of the 
process, or, if the distribution of one in relation to the other changes in any way this 
is not considered to alter the interaction of the two species in any significant way; 
(5) the parasites are considered to attach only unparasitised hosts; (6) the parasites 
are considered to constitute a homogeneous group, belonging, for example, all to a 
single species; (7) the phenomenon, and all the processes involved in it, is supposed 
to take the same course in every generation considered. These are only a few of the 
implicit limitations which we could mention. It is obvious, of course, that while they 
do not make such considerations as we may deduce from the study of the example 
absolutely valueless, they greatly restrict its significance. In order to extend this we 
must, therefore, attempt to find some way of removing these limitations. 

The removal of the explicit limitations in the example can, of course, be effected 
in a very simple manner by the substitution of symbols for numbers. Thus, lei the 
initial number of liosts in the example be re})reHented by //, the initial number of 
parasites by p, the number of offspring produced by each individual of the host by lu 
and the number of offspring produced by each individual of 1 he {>arasite by s. \\"e 
may then proceed as follows; 


Generation 1: 


Generation 2: 


//j n X h ~ ////, 
p X A — p.S’ 

nh — p.s hosts remain. 
//., - (nh — ps) < h - nh- 

P.2 = 2)S <8 ~ p.V“ 


Generation t: 


tfJr — y>v// — y>,s- hosts remain 


W — nli^ — io t terms.(1). 

ft = P** .(2). 

The expression giving the number of hosts is obviously a geometrical series and can 
be summed, so that we finally obtain for the number of imlividuals of the host and 
parasit<e at the end of / generations the formula: 


Hi •= — j)s 

pf = p/>* 


i«'-' - ) 

I If 


(3). 


This formula, though complicated in appearance, is, of course, nothing more than a 
symbolical, or shorthand representation of the simple chain of mathematical reasoning 
in the original numerical example. 

It is very easy to show how the substitution of symbols for numbers has extended 
the significance of the formula. For instance, in our original example, the reproductive 
rate of the parasite was supposed to be different from that of the host, but because of 
the explicit limitations of the example, no definite conclusion could be drawn as to the 
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significance of this particular fact. Let us now suppose that the reproductive rate of 
the host bo considered to be equal to the reproductive rate of the parasite; that is to 
say, let us put h equal to s. Our formulae then become: 


1 ) .( 4 ). 

Pt^ph^ .(5). 


Now let us suppose that, under these conditions, we wish to know how long it will take 
for the population of the parasite to become numerically equal to that of the host. 
The answer is, of course, that this will take place when we have the equation for the 
population of the parasite equal to that for the population of the host. Putting these 
two expiations equal to one another, /.e. 

ph^ - M — ph^ — 1 ), 

7 } 

we obtain / = - .(6). 


From this we may (‘onclude (1) that when host and parasite produce in every 
generation the* same number of offspring, the time required for the control of the host 
by the parasite will depend directly upon the relation between their initial popula¬ 
tions, and (2) that this will hold good whatever the number of offspring produced, i.e. 
whether tla* populations of host and para.sitc, eoasidered sejiarately, were increasing 
or stable. 

Sujjposo, on the contrary, that the number of offspring produced by the parasite 
is greater than that produced by the luxst: we can introduce this condition by postu¬ 
lating that -s - ((Ik wli(*re we have a > 1. 

Substituting, by a simple transformation v'e obtain 


f • 


I 


na — ?/ -I- pft\ 
ptt I 
log a 


.(7). 


. When the reproductive rate of the parasite is greater than that of the host, the 
time retpiircd for c'ontrol depends not on the ratio between their initial populations, 
but on the logarithm of this ratio, from which we may conclude that variations in the 
initial populations will be much less significant than in the ease represented by formula 
(6). Furthermore, this result will be valid \vhether the host population is stable or j 
increasing and no matter what the actual number of hosts, parasitt*s and offspring 
happen to be, provided wo have .s -- ah and a > I. 

Let us now consider the Implicit limitations of the example. It is ob\’ious that these1 
cannot be removed by the substitution of symbols for numbers. They depend ujion the' 
ti/pe of interaction selected as a basis for the argument. In order to eliminate tiiein (in 
so far as this is possible) we must therefore modify our basic hypothesis, or, in other 
words, our original statement of the ease. A few examples will make this clear. 

In the original example we supposed that both host and parasite were partheno- 
genetic female-producing sj>ecies. Let us now suppose that both se.Kes are repix'sented. 
In order to introduce this condition, let / be a factor, such that if h — the number of 
female progeny produced by each individual of the host, then Ih will represent the 
total number of progeny of both sexes; and, similarly, if s = the number of female 
progeny produced by an individual of the parasite, then fs will represent the total 
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number of its progeny of both sexes. The formula for the time, in generations, required 
for control, when the reproductive rates of host and parasite arti equal, then becomes 


log 


and 
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\7i1a 

\— 


“ w/ + pfa) 

pHl _[ 


Toga 


.(9). 


! ah, 


AVhen the reproductive rate of the parasite is greater than that of the host {s = 

(I > 1 ). 

Consider again the important matter of the distribution of the progeny of the 
parasite among the population of the host. Without discarding our original postulate 
that the relative distribution of host and parasite remains unchanged, or, at least, 
does not notably affect the course of events, let us take the two contrasting cases 
where: 

(a) Several individuals of the beneficial insect normally co-operate in the destruc¬ 
tion of a single host; and 

{h) One individual of the beneficial insect normally destroys several individuals 
of the liost. 

The first case, of course, is that of numerous gregarious parasites such *is A jmntdes^ 
Microhracon, Pterotml etc., while the second is that of the predators, such as 
Syrphid larvae, beetles, various neuropteroid insects, and so forth. 

Wc can deal with the first case by supposing that the numl>er of parasite larvae 
normally destroying an individual of the host be - m. We can then show that the 
time required for control is 

^ mn — p (m — 1) 

P 

if the reproductive rates of host and parasite are e(|ual, and 

log I""' *■ 


.( 10 ), 


t ■■ 


pa 
log a 


.(lib 


if the reprcKluctive rate of the parasite is greater than that of the host (.*< ~ ah, a > 1). 

To deal with the second case, let us suppose that tho number of individuals of the 
host killed by each individual of the predator be r. The time, in generations, required 
for control will then be 

pr ^ ' 

when the reproductive rates of host and parasite are equal, and 

log 


t ~m 


par 
If'g n 


•(13). 


when the reproductive rate of the panisite is greater than that of the host. 

Let US now suppose that the increase of the parasite at the expense of the host will 
produce a difference in the relative distribution of their populations. Two cases may 
be considered here. Suppose that, at the beginning of the experiment, the relative 
distribution is such that each individual of the parasite is able to dept)sit its whole 
quota of eggs, without running any risk of placing more than one egg in a single host. 

If the proportion of parasites to hosts increases, from generation to generation, 









Proceedings of the Association of Economic Biologists 647 

and the density of the host population remains constant in spite of the attack of the 
parasite, then, unless the parasite has the faculty of choosing only unparasitised hosts, 
the likelihood that eggs will be deposited in hosts already attacked, i.e, the probability 
of superparasitismf will increase from generation to generation. Tf the number of 
individuals of the host species be N, the number of eggs deposited by the parasite be 
and the proportion of hosts actually parasitised be y, then the relation between 
these values can be shown to be 

r = .(14), 

w^here c is the incommensurable number 2*71828. 

This condition can be incorporate in our algebraical investigation, and it can be 
shown that the increase in the density of the parfisite population, avS compared with 
that of the host, causes a diminution in the effective reproductive rate of the former. 

Suppose, on the contrary, that the host population has ceased to increase at the 
time the parasites begin to act (h =1). In this case, the reproduction of the parasite 
at the expense of the host will cause an increasing rarefaction of the host poj)ulation, 
so that it will become more and more difficult for the parasite to deposit its quota of 
eggs. Dr W. C. Cook has suggested to me (in lilt. December 24th, 1928) that the 
relation between percentage of parasitism and host density might be expressed by the 
e( (nation 

K 

"" 1 -f 

wdiere a “= percentage of parasitised hosts, K ~ maximum possible percentage of 
parasitism, r rate of increase in parasitism with host density, and t an arbitrary 

factor which equals 0 when the parasitism equals . If the rate of increase in the 

percentage of parasitism is proportional to the increase in host density, we may wTite 
r ~ 1 and our formula becomes 

K 

By using this formula in our calculations we can investigate the character of the 
phenom(*na, following the point where the population of the beneficial insect becomes 
equal to that of the host. 

The preceding method {first described by the author in (\Ji. Acad, Sciences, Paris, 
1922) is based on the consideration of the interaction of the parasite and its host as 
a discontinuous phenomenon. As shown later by Lotka (Physical Biology, 1925), it 
can ver}' profitably be treated as a problem in continuous variation and thus attacked 
by the method of the calculus. This method, in the opinion of the present writer, is 
less suitable than the one given above for the exact investigation of exptuimental 
results but, though it tlemands much greater mathematical knoA\ledge, it is more 
suitable for the editication of a general theory and the formulation of general laws, 
because of the efficiency of the analytical methods wdiich can be utilised (cf. P6res, 
Rev, Gen, des Sciences, T. xxxvn, No. 10, 1927). From this standpoint the subject has 
been very thoroughly dealt with by the eminent mathematician V, Volterra, in his 
paper, published in 1926, on the variation and fluctuation of the number of individuals 
in species of animals living together (R, Ac^c, N, dei Lincei, Ser. 6, vol. n, Fasc. iii). 
This work was carried out in connection with studies on the interaction of fish popula¬ 
tions, but applies to all problems of the interactions of organisms and the regulation 
of animal numbers. 
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The foregoing examples, though they simply concern a few isolated points in this 
vast subject, will serve to show how the significance of the methods outlined can be 
extended. It is sometimes objected that the construction of a formula sufficiently 
(complex and sufficiently general to correspond to events as they occur in nature would 
be very difficult. The answ^er to this is, in the first place, that many factors acting in 
nature combine to produce simple effects, such as a regular reduction in the 
efficient rate of reproduction, which can easily be represented, and, in the second place, 
that no such thing as an absolutely general phenomenon of parasite and host inter¬ 
actions really exists. Every case represents a special and. consequently, limited typo 
of this interaction which can often be represented in a relatively simple manner. 

Another objection to the use of these methods is that they fail to take account of 
the irregularity of natural phenomena. The aiisuer to this is that the methods in 
question have not been developed with a view to the prediction of events over short 
periods of time, but with a view, on the one hand, to the mapping out of experimental 
work, and, on the other, to the investigation of general trends. Jt is true that natural 
phenomena often appear to he irregular. In many cases, however, this irregularity, 
though real, is not fundamental. In so far as it depends on individual variations it will 
average out in behaviour just as it does in structure. In so far as it depends on varia¬ 
tion in the environment it will average out in time, because its fundamental cause, the 
climate, may be considered as definable over sufficiently long periods. Finally, in so 
far as the variability is fundamental, as in phenomena which are essentially individual 
in character, it is not mat ter for science at all, since science deals only with the general. 

Though only general trends can be discerned from the formulae, these may be signifi¬ 
cant, not merely from the scientific but from the economic standpoint. Thus, with the 
aid of equations (6) and (7), we can investigate the effect of im'reases in the size of the 
initial parasite population on the time required for control and show that the expendi¬ 
ture necessary' to increase the number of parasites in the initial colony, over and above 
that re(juired to establish the species, will not produce a proportionate reduction of 
the time required for cjontrol. A slight modification of the method would show’^ that 
the effect of suc(;essive introductions, year after year, of colonies equal to that re¬ 
quired to establish the species, is also unimportant, having regard to the increased 
co.st of the w’^ork. By a simple transformation we can obtain an eejuation for the fa*r- 
centage of parasitism after the establishment of a beneficial species and show that tht‘ 
curves of the proportion of parasitised hosts ar€* in all cases very similar, rising for 
a considerable time very slow'ly, and rapidly only in the last few' generations. From 
this we may conclude that if we introduce a parasite colony of the usual size iii the 
midst of a large host population, the effect may be imperceptible for a considerable 
period, even though the experiment is destined to succeed. 

It may also be noted that in spite of several modifications introduced the form of 
the fundamental equations remains essentially similar, which indicates that the trend 
of the phenomena considered is of the same general character in spite of variations in 
the various factors which come into play. Such features as are common to all these 
cfises are likely to be of some significance in practical work. They have at least a 
reasonable probability of being valid, and since, as w'e have shown, there are no other 
sources from which we can at present extract any probable rules for the conduct of 
this work, the rules which can be extracted from the mathematical methods seem at 
least worthy of attention. It is better to rely on reasonable probabilities than to have 
no rules at all. 
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PROCEEDINGS OF THE ASSOCIATION OF 
ECONOMIC BIOLOGISTS. II 

Ordinary Meeting held at 2.30 p.m. on Friday, March 21st, 1930, in the 
Lecture Theatre of the Royal School of Mines of the Imperial College of 
Science and Technology, London. The Chair was taken by the President, 
DrA.D. Imms, F.R.S. 

THE NUTRITION OF FRUIT TREES. 

I. Some Effects of Deficiencies of Essential Elements on Fruit Trees. 
By T, Wallace, M.C., M.Sc., Agricultural and Horticultural Re¬ 
search Station, Long Ashton. 

II. Response of Apple Trees on known Rootstocks to Applications of 
a Complete Fertiliser, By J. Amos, N.D.H., R. G. Hatton, M.A., 
and T. N. Hoblyn, Hort. Dip., East Mailing Research Station, 
Kent, 

III. The Reaction to Potash Fertilisers of Apple Trees in the Field. By 
N. H. Grubb, M.S.A., East Mailing Research Station, Kent. 

IV. Some Observations upon the Growth and Seasonal Cycle of Food 
Reserves in Apple Trees. By T. Swarbrick, M.Sc., Pk.D., Agri¬ 
cultural and Horticultural Research Station, Long Ashton. 

1. SOME EFFECrrS OF DEFICIENCIES OF ESSENTIAL ELEMENTS 
ON FRUIT TREES. 

By T. WALLACE, 

{Long Afihton Besexirch JStaiwn, Unicersift/ of Bristol,) 

It may be safely stat^l that at the time when we commenced our nutritional investi¬ 
gations at Long Ashton, knowledge relating to the effects of deficiencies of the 
essential elements on fruit trees was extremely meagre, and I doubt whether at that 
time any worker in horticultural research could have described any deficiency symp¬ 
toms in fruit tret's other than certain associated wdth deiiciency of nitrogen and 
possibly of iron. 

This sparsity of knowledge was not due to the lack of previous experimental work 
on fruit-tree nutrition, but w-as the result of the failure of the methods employed to 
provide such information. 

Previous to that time, in carrying out nutritional experiments, horticulturists had 
relied almost entirely on field experiments modelled on the type used so effectively by 
Lawes and Gilbert in their classical investigations on agricultural crops at Rothamsted. 
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By far t}ie largest number of such experiments had been carried out in the U.S.A., 
the only ones of note in this country being tliose of Bedford and Pickering at Woburn 
and of Dyer and Shrivell at fiadloM , Kent. 

The inadequacy of the experiments in the U.S.A. to throw light on the problems 
of fniit tree nutrition was stressed by W. H. Alderman, in a paper entitled “The Status 
of Orchard Fertilisation Experimentation,” delivered before the American Society for 
Horticultural Science in ]919(]), in which he advocated the study of nutritional 
problems by intensive laboratory methods as a necessary step before proceeding 
further with experiments in the orchard. 

The position reached by the field experiment method was summarised on that 
occasion by Alderman as follows; 

“This seems to be a suitable occasion to pause and consider the work that has been 
accomplished to date. Within the past two years a numW of well conducted experi¬ 
ments, extending over long terms of years, have matured and the results have been 
made public. So much has been written on the subject that it is a bit difficult to 
summarise the case, since the evidence does not all point in the same direction. It is 
somewhat simpler if we first confine ourselves to the points over which theifc is 
seemingly no contention. 

There are apparently a great many orchards growing upon a variety of soils 
that will not respond economically to the application of any form of commercial 
fertiliser, nor of manure. This fact is well established by the work in New York, New 
Hampshire, Maine, West Virginia and other States. 

“2wd. Orchards are much more likely to respond favourably if they arc given sod 
mulch treatment than if kept under cultivation. A comparison of the work in the 
above-mentioned States with that in Massachusetts and Ohio furnishes interesting 
evidence upon this point, as does also the work in Pennsylvania where the three sod 
orchards displayed (jonsiderably greater gains than the three under cultivation. 

“3r<Y. Orchards under starvation conditions usually give a ready response to 
fertilisation when other treatments (culture, pruning, spraying, etc.) remain unaltered. 
This is w'ell demonstrated by some of the Ohio, Oregon and West Virginia experi¬ 
ments. 

Nitrogen in a readily available form .seems to be the only element of plant 
food that is uniformly a factor in the favourable responses when such are secured, 

“These four points, apparently, are about the only outstanding uncontested results 
of our orchard fertiliser exj)eriments conducted during a period of 30 years or more 
by 28 different experimental stations. This information is of no small value to the 
orchard industry and has been well worth working for, but the investigator who is 
seeking to understand the ‘how’ and ‘why’ of the reactions finds only disappointment. 
There have been those among us who have thought and talked of principles that 
underlie orchard fertilisation, but so far no principles have been formulated which are 
capable of application. There are others—^probably the majority—who have main¬ 
tained that orchard fertilisation cannot be reduced to general principles having a wide 
application. So far, this group has not been disappointed,” 

In the experiments at Woburn, on the heavy soil at Ridgmont, no significant 
effects either on the growth or fruiting of apple trees were obtained from dung or 
fertilisers although, on the same plots, bush fruits, nursery stock and vegetables 
showed responses to the treatments; on the light sandy soil at Millbrook definite 
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responses were obtained on apple trees and gooseberries with both dung and fertilisers, 
provided the latter contained potash. 

At Hadlow, on a heavy soil, the outstanding point in the results was the bad effects 
which followed the omission of potash from fertiliser mixtures when dung was not used. 

It will be clear from the above remarks that the field experiments bad contributed 
little to the fundamental problems involved in the nutrition of fruit trees and, in this 
countiy\ the practical guidance which the results provided was negligible. 

In addition to the data obtained through the medium of field experiments, other 
data relating to the effects of the essential elements in the nutrition of fruit trees had 
been obtained in various pathological investigations on such problems as “chlorosis” 
and “die-back,” but these were very fragmentary and contributed little to the funda¬ 
mental knowledge of the roles of the respective elements in the iiutritit>n of the plants. 

Before passing to the specific actions of the various essential elements, it will be 
useful to refer to some of the reasons \\ hy the earlier investigations had yielded such 
a small amount of know ledge. This we consider to be due largely to the fact that the 
imi)ortance of the inherent properties of the trees and of the various environmental 
factors which affect tree growth had been insufficient!}^ realised. Workers had been 
content to carry out exjKTiments in commercial and College orchards w ith trees about 
which little w'as knowm, such effects as those due to rootstocks being often unsus¬ 
pected; management factors had xisually been adjusted to bring about good grow'th 
wdiich in many cases meant that the problems which existed were deliberately over¬ 
come b} methods similar in effect to the action of certain manurial constituents and 
thus calculated to mask the effects of these; and the results wore usually sought for 
nu'rely in terms of some empirical growth measurement or the extremely misleading 
criterion of crop yield, and the conclusions based on such measurements. 

Deficiency effects. 

The effects which 1 iiropose to discuss arc those due to deficiencies of nitrogen, 
potassium, phosphorus, calcium, magnesium and sulphur. The greater |X)rtion of the 
results have been obtained in pot exjieriments, using sand cultures, in which the 
various trees and bushes have received their supply of the resj>o(‘tive elements solely 
from chemical solutions while the remainder have been secured in field investigations 
in which the respective deficiencies have been conclusively pro\ edOb 1,5, G, 7, ^). 

In the various exjH'riments, the features on which data have usually been obtained 
have been as follows: («) times of o|)ening of leaf and blossom buds; {h) blossom char¬ 
acters; (c) foliage characters throughout the season; (r/) shoot grow th; (c) defoliation 
phenomena—relating to time, method and tints developed; (/) conditions of barks; 
(g) yields and characters of fruits; (/i) root systems. 

Nitrogen, 

The omission of nitrogen from nutrient solutions produces deleterious effects more 
quickly than in the case of the omission of any other of the elements considered, and 
usually, by the end of the first seaSCii of treatment, trees receiving this treatment 
show growdih amounts similar to others receiving “water only.” 

The times of opening of the blossom and leaf buds are delayed, blossom formation 
is drastically reduced owing to the death of lateral buds, and the flowers are extremely 
weak. The amount of foliage developed is very scanty and, after a season or two of the 



652 Proceedings of the Association of Economic Biologists 

treatment, the trees and bushes usually carry foliage only at the tips of the shoots. The 
plants thus develop a characteristic “bare wood” appearance. In the case of straw¬ 
berry plants the number of crowns produced is small. The leaves are relatively small 
and yellowish green in colour and may develop reddish tints towards the end of the 
season. It is not unusual for small reddish brown spots to be developed on the leaves. 
Shoot growth is very drastically rediiced, even within the course of one season, and 
trees, after two or three seasons of the treatment, are usually unable to make appreci¬ 
able shoot grow^th. Defoliation is hastened and the tints at defoliation time are 
reddish yellow. The barks of trees are pale brown in colour. Fruiting is reduced to a 
negligible amount in a very short period owing to the suppression of the lateral buds. 
The fruits are small and some idea of the general eifcct of the treatment on quality in 
the various fruits may be obtained from consideration of the case of the apple. In 
varieties which develop red-coloured skins, such as Worcester Pearmain, the colour is 
greatly intensified and the whole fruit may either assume a vivid scarlet colour or 
there may be a pale, almost white ground colour with a brilliant red fiush. Reducing 
the nitrogen content of fruits is the only known manorial method of consistently pro¬ 
ducing high “colour” in our coloured varieties of hardy fruits. In green varieties, 
such as Lord Grosvenor, the fruits lose their green pigment and in extreme cases are 
quite chlorotic. The flesh of the fruit is hard and lacks juice, |)er('entage acidity is 
usually relatively high and the percentages of nitrogen and sugars are low though the 

ratio high. Flavour only develops slowly after picking, and the fruits are 

long keepers both in ordinary and low temperature stores. 

The root systems are small and in proportion to the d>varfed shoot portions, and 
it is notable that they consist almost wholly of fine fibrous material. 

In practice, various stages of nitrogen deficiency are frequently observed in fruit 
plantations where endtivation is low and grass and w^eeds are allowed to grow over the 
roots of the trees. It is easily remedied by suitable cultivation and by dressings of 
nitrogenous manures such as nitrate of soda or sulphate of ammonia. The etiect of 
“grass” conditions in producing nitrogen deficiency within the tree is shown in 
Table 1. 

Table I. 

Showing the n itrogen contents of portions of comparable apple trees under arable and 

grass conditions. First season of **grass^^ treatment; variety, AUington Pippin, 


Treatment 

Leaves of 
terminal 
shoots 
(%N) 

Stem portions 
of terminal 
shoots 
(% N) 

Fruit (pulp) 
(%N) 

Arable 

102 

0-33 

0 040 

Grass 

0-55 

0-24 

0035 


Potassium, 

In sand cultures, the effects of potassium deficiency are less drastic than those re¬ 
sulting from the omission of nitrogen though, in the field, starvation from the former 
element is a much more serious problem than from the latter. 

In sand culture experiments, deficiency of potassium has frequently advanced 
the opening of blossom and leaf buds and the blossoms formed have been strong and 
normal in every way. The number of blossom buds is not drastically decreased os in 
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the case of nitrogen deficiency and indeed may show some increase due to the fact 
that, under this treatment, shoots frequently die back and fruit buds rather than 
shoot buds are developed. This condition is often extremely marked in cases in the 
field where almost all terminal buds may be fruit buds. 

During the early part of each season, the foliage characters are usually quite 
normal in appearance, but later, usually from the lieginning of Jime, the special 
symptoms of the shortage of potassium become evident. The green colour at this stage 
is often bluish green and there may be slight chlorosis near the margins and between 
the veins. In some varieties of plum, the chlorotic symptoms are strongly marked. In 
gooseberries, and to a less extent in strawberries, the leaves at this stage may show 
purple tints, but later, especially in the goo8el>erry, these tints usuall}^ disap^Kiar 
entirely. There is often a tendency for the edges of the leaves to curl backwards 
towards the under surfaces, but in the case of certain plums, e.g» Purple Pershore, the 
curling effeict is in the reverse direction. The leaf margins finally become brown or 
grey, following the death of the cells in these areas, and the leaves at this stage exhibit 
the condition known as leaf scorch. This stage is usually well marked by the end of 
July. 

In the case of plants like the raspberry, the browning generally extends between 
the veins from the marginal areas practically to the midrib. The development of 
scorch is most marked in hot, dry summers. 

In advanced stages of potassium deficiency leaf size is considerably reduced. 

In pot cxpcTiinents, shoot growth is usually somewhat reduced, but in certain cases 
witli apjiles, during the first, two or three seasons, shoot growth in the potassium 
deficient series has been greater than in the complete nutrient scries. The amount of 
shoot growth in the case of potassium deficiency in this type of experiment appears to 
be influenced greatly by certain points of techniipie. Thus if ade({uate measures arc 
taken to keep the sand medium invariably cool and moist, large shoot growdh may 
result, whereas if the sand is not efficiently protected from temperature changt'S, 
shoot growdh is greatly curtailed. In cases of jxitassium deficiency, shoots and even 
w hole brnn<dH?s frecjuently die-back, and in the fitdd the shoots usually die-back to 
fruit buds, and in the later stages practically no terminal shoot growth is made, the 
terminal buds being blossom buds. 

Defoliation from potassium deficiency in the field occurs prematurelj^ following 
the development of marginal leaf scorch, and this frequently happens in pot expt^ri- 
ments. Under thcj conditions which lead to i^ood shoot growth in cases of potassium 
deficiency in pot exjXTimcnts, defoliation may take place later than in the case of 
'‘complete nutrient” trees. When scorched trees defoliate early in the season, a 
second crop of foliage is frequently developed. During defoliation the colour of the 
leaves usually turns direct from green to browm or yellow' and highly coloured tints 
are generally absent. The method of defoliation is remarkable in that, wdiilst in all 
other cases examined, it proceeds in the direction from the bases of the shoots tow'ards 
the tips, the tip rosettes being usually the last foliage retained, in the case of potassium 
deficiency, defoliation generally, but not invariably, proceeds from the tips of the 
shoots towards the bases so that the tree retains the older leaves longest. The colour 
of the barks may be slightly lighter brown than usual in severe cases. 

Although potassium deficient trees tend to develop fruit buds rather than shoot 
buds, the yields of fruit are greatly reduced. The blossoms set fruits quite freely, but 
Ann. Biol, xvii 42 
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many of the fruits drop during the season, and those which remain are small. The 
characters of these fruits are worthy of detailed note. In the case of the apple, they 
may be of dull unattractive appearance, and on keeping in store this appearance does 
not materially alter, the fruits always appearing less mature than well developed 
fruits. On the other hand, they may be slightly more highly coloured at the time of 
picking than high potassium fruits in the ease of varieties such as Bramley’s Seedling. 
In store they tend to shrivel and, in most cases examined, they exhibit a most re¬ 
markable storage feature in that, in the Ordinary Temperature store, they breakdown 
considerably later than high potassium fruits but in the Low Temj>erature store they 
develop breakdown prematurely. 

The fruits are usually of poor flavour, being subacid and often woody. Chemically 
they generall^^ show' a normal percentage of nitrogen, relatively low' acidity, total 
sugars may be high or low^ but usually cane sugar is definitely low. 

Root systems in the field are usually poorly developed, and badly scorched trees 
frequently feel quite loose when shaken. In pots, the roots may be quite normal in 
development, but cases have been observ'ed where the potassium deficient trees fail 
entirely to form root systems. 

Two important points which appear to emerge from our data, both in pot and 
field experiments, arc that potassium deficiency tends to promote physiological 
drought within fruit trees when the environmental conditions are conducive to drying 
out, and that the deficiency must usually be considered in relation to nitrogen supply. 

Potassium deficiency is the most serious deficiency ’‘disease’’ of fruit trees in this 
country and has been of extremely frequent occurrence in the past. It is usually very 
difficult to remedy by ordinary manorial means in the case of fruit trees w hen the 
deficiency effects are strongly developed. 

Phosphorus. 

The effects of phosphorus starvation of trees in sand cultures after two or three 
seasons are as severe as or more severe than those resulting from nitrogen deficiency, 
and the features exhibited in the two cases have many points in common. 

The times of opeming of blossom and leaf buds are appreciably delayed, and in 
extreme cases are delayed beyond the times wdien these occur in comparable trees 
receiving “water only.” Blossom formation is greatly restricted owing to th<i death 
of lateral buds and the blossoms formed are very w^eak. The foliage exhibits very 
distinctive characters. The amount is very small, and eventually the only leaves 
developed are the terminal rosettes. Leaf size is much reduced. 

It will be noted that all the features described above are similar to those due to 
nitrogen deficiency. 

In the early spring, the leaves are fairly normal in colour, though of rather dull 
appearance, but they soon become increasingly so and eventually exhibit character¬ 
istic purple and bronzed tints over their entire surfaces, the tinting often being 
accompanied by the presence of browmish si)ots, which are particularly in evidence in 
the case of the black currant. After bronzing, areas of the leaves may become dried out* 

Trees undergoing phosphorus deficient treatment frequently make excellent 
growth during the first season of the treatment and show little effect from the de¬ 
ficiency—apparently because of the utilisation of reserves—but, from the second 
season, shoot growth is generally as severely restricted os from nitrogen starvation, 
and this condition continues from this point. Defoliation is greatly advanced. It may 
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occur in early June and previous to defoliation taking place in trees receiving “water 
only” treatment. After defoliation, the trees do not show further signs of groAvih 
during the season. 

The barks of the trt^js are slightly paler in colour as the result of the deficiency. 
The yield of fruit is greatly affected and is similar to that from nitrogen deficiency 
treatment, as in both cases the reduced 3 delds are due to the suppression of tfie lateral 
buds. Unlike nitrogen deficient fruits, phosphorus starved fruits have no desirable 
commercial qualities but are wholly undesirable objects. The colour is dull with a 
suggestion of the bronzing which develops so markedly on the leaves. Very few 
opportunities have occurred for examining the chemical and storage qualities of the 
fruits owing to lack of crops, but the indications so far are that the fruits are poor 
keepers and lack character. The root systems are small and in proportion to the small 
shoot growth, but the character of the root differs markedh" from that in the case of 
nitrogen deficiency, consisting almost u holly of coarse roots and being practically 
devoid of fine fibrous rootlets. The roots are a characteristic brown colour. 

It is of interest to note that, though the effects of phosphorus deficiency in fruit 
trees in sand cultures are so drastic, no case of proved phosphorus defi(uency has been 
observed in our work in the field, not even in cases where soil pliosphorus has been 
insufficient to grow pasture jilants healthily. It thus appears that the fruit plants 
with which wo are concerned are good phosphorus feeders. 

Calcium, 

No effects on the times of opening of blossom or leaf buds due to deficiency of 
calcium have been observed and blossoms developed under this treatment have 
always been quite normal in character. In sand cultures, in the early stages, trees 
receiving diets deficient in calcium usually carry luxuriant foliage, the leaves being 
definitely larger tlian those on trees receiving complete nutrient treatment. This con¬ 
dition is possibly due to “high” potassium and it has been shown that such leaves 
lose wat-er less rapidly than those from “complete nutrient” series when subjected 
to drying con<litions(2). At a later stage in the treatment, leaf size is more normal and 
the leaves show breakdown symptoms. The symptoms, in tlie case of the apple, take 
the form of patches of dead tissue either near the centres of the leaves or near the 
margins and, m the latter cases, the brown patches have a reticulated appearance. It 
will be seen below that similar types of symptoms are developed in the case of mag¬ 
nesium deficiency though, in the latter case, the extent of the breakdown is much 
more serious. With plants other than the apple, we have not yet been able to produce 
any distinctive leaf characters. In the large leaf stage, calcium deficiency is also 
associated with increased shoot growth and, even after three or four seasonvS of treat¬ 
ment, using various tjqies of fruit plants, we have not been able to effect any significant 
reduction in shoot growth. Defoliation characters have not shown any distinctive 
points and the conditions of the barks have appeared nonnal. Nor have distinctive 
points been observed to date with regard to the characters of the fruits or the root 
systems. No case due to deficiency of calcium has been observed in the field. 

Magnesium, 

The times of opening of blossom and leaf buds have not been affected by omitting 
magnesium from the diets of various sorts of trees and the character of the blossom 
has always been normal. Extremely definite effects are produced on the foliage from 

42-~-2 
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a very early stage. In the first stages of magnesium deficiency, leaf size is inclined to 
be increased and usually remains of at least normal size over two or three seasons. In 
some instances, however, leaf size has been greatly decreased from the treatment, 
notably in an experiment in which the apple Stirling Castle was used(5). 

Each class of plant appears to develop a specific type of breakdown symptom. In 
the case of the apple, the usual symptom is the death of a relatively large patch of 
tissue near the centre of the leaf around the midrib, and this condition we have termed 
“blotch,” but the patches may occur in a haphazard manner on any portion of the 
leaf and in some varieties, are frequently developed near the margin. The symptom 
it will be noted, is similar to that shown by calcium deficiency but has always been 
much more severe in our experiments. In the later stages of the deficiency, the green 
colour of the leaf may be slightly pale. 

In the case of the black currant, the central portion of the leaf turns purple and 
this coloration develops over practically the whole of the leaf surface until finally 
usually only a narrow marginal band remains green. The loaf at this later stage be¬ 
comes curled towards the under surface. 

Raspberry leaves first develop a yellow patch of colour in the centre, a fairly broad 
band around the margin remaining green. A narrow yellow band later develops 
around the margin, leaving a narrow green band between the two yellow areas. 

Strawberry leaves develop coloured areas in the same manner os those of the 
raspberry but the centre patches show reddish or purplish tints. 

The characters which develop on gooseberry leaves differ from all the above-men¬ 
tioned cases in that they invariably commence around the margins. Broad red marginal 
bands are first developed and these gradually broaden and spread towards the centre. 
As this proceeds, the red tints fade to yellow, the final colour being a faded, yellowish 
red. 

In all cases of magnesium deficiency, defoliation is premature and follows closely 
on the development of the breakdown symptoms. It may occur extremely early 
in the season in severe cases and, when this occurs, fresh foliage is developed which 
usually becomes affected with the deficiency characters at an early stage. No effects 
on the colour of the bark have been noted from the treatment. 

Although the trees blossom normally, the yield of fruit is seriously affected where 
defoliation is severe and in such cases the fruits never reach a mature condition but 
remain woody, deficient in juice and sugars and are typically immature fruits. Apples 
from this treatment have retained this immature character after several months in 
store. 

The root systems have generally been well developed and normal in character but 
a considerable amount of killing of the root fibres has frequently been observed. 

No serious cases of magnesium d(‘ficiency have so far bctui encountered in the field 
but tlie leaf characters herein described an* frequently observed. In such cases they 
have been often interpreted as denoting an ample supply of potassium, since it has 
been shown by the writer that magnesium deficiency can be induced by high potassium 
feeding (4). In certain cases, the respective tints appear to be characteristic of certain 
varieties—e.g. the black currant vari(‘ty, Baldwin, and the gooseberry variety, Whin- 
ham’s Industry, and can only be suppressed by drastic deficiencies of other elements. 
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Sulphur. 

The observations made relating to sulphur deficiency are much less extensive than 
in the cases of the elements previously described and, at the present stage, it can only 
be said that trees receiving sulphur deficient diets have usually made sliglitly smaller 
growth than those receiving a complete nutrient and, in general, have exhibited 
characters similar to those of trees receiving a slightly restricted supply of nitrogen. 
Thus the colour of the foliage has been slightly pale green, defoliation has been 
hastened to a slight extent, and during defoliation, brilliant orange tints have been 
developed. Root systems have appeared normal in character. No case of sulphur 
deficiency lias been recognised in the field. 
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11. THE RESPONSE OF APPLE TREES ON KNOWN ROOT- 
STOCKS TO APPLICATIONS OF A COMPLETE FERTILISER. 

By J. Amos, R. G. Hatton and T. N. Hoblyn. 

{East Mailing Research Station.) 

(With 4 Text-figures.) 

The project. 

When the main rootstock trial of Braraley's Seedling and Worcester Pearmain appkis 
was planted in January 1920, it was decided to include a sufticient surplus of trees on 
certain rootstocks for the purpose of making an elementary test of manuring as com¬ 
pared witli no manuring. Since many of the manurial trials of previous workers with 
apples in the field had yielded indecisive results (i), it was plarmed, in the first instance, 
to confine the issue to the simple one of comparing the effects of an annual dressing of 
organic manures—more or less completely ‘'balanced”—with the results obtained by 
withholding the same, and merely ploughing into the ground, from time to time, some 
non-leguminouB cover crop for moisture-retaining purposes. 

The lay-out. 

The ground—a loam of variable depth over the Hythe beds—at the time of 
planting, considered to be exceptionally even. Mechanical and chemical analyses of 
these plots were made in 1913, and the details are given in an appendix. It had been 
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cropped from the autumn of 1913 to that of 1916 with Royal Sovereign strawberries, 
, which wore treated uniformly, A year previous to their planting, the whole ground 
was occupied by grey peas which had received a dressing of 2 cwt. superphosphate 
per acre. 

The following table (I) shows the manurial and cultural treatments of the ground 
from 1908-9 until the time the trees were planted. It will be noted that the dressings 
were predominantly nitrogenous and phosphatic. Potash manures were almost un¬ 
obtainable during the j^eriod from 1914 onwards, though a light dressing was given in 
1918-19. From the autumn of 1919 onwards the differential treatments began on the 
plots. 

Table I. 



Treatment of ground for previous 11 years. 

Manurial treatment 

Year 

(rates |)er acre) 

Cropping 

1908-9 

Bung 30 tons; gas limed 

Potatoes and mangel 

1909-10 

— 

Wheat 

1910-11 

— 

Seeds ley 

1911-12 

Nitrate of soda and nitrate salts 

Oats 

1912-13 

Superphosphate (35 %) 2 cwt. 

Grey peas 

1913-14 

Bung 10 tons; light crop mustard; 
meat and bone 4 cwt. 

Strawberries 

1914-15 

Meat and bone 6 cwt.; nitrate of 
soda 1} cwt. 

Strawberries 

1915-16 

Bung 10 tons 

Strawberries 

1916-17 

Litter and strawberries ploughed 

Wheat 

1917-18 

Bung, London, 25 tons -f wheat 
stubble. Superphosphate4 cwt.; 
sulphate of ammonia J cw’t. up 
drills 

Potatoes 

1918-19 

Bung 12 tons; flue dust lOcwd. 
Superphosphate 4cwd..; sul¬ 
phate of ammonia 1 cwt.; sul¬ 
phate of potash, 1 cwt. up drills 

Potatoes 


Approximately 2\ acres of this land was devoted to the project. At the time it was 
recognised that great difficulties in cultivation, ettJ., would liave to be faced, since 
ground was not available for “guard’’ rows. On any chessboard arrangement the 
manures would inevitably be carried over by implements from one plot to another. 
Again, the experience of Pickering, in manuring alternate trees and starving the 
others, suggested that the question of root range must be carefully considered. Hence, 
in view of the simplicity of the issue, and the limited facilities then at command, it 
w'as decided to have only two plots (IJ acres each), adjacent to one another, the one 
manured and the other starved. It is hardly necessary to point out that such a lay¬ 
out is open to severe criticism; on the other hand, both the issue and results have been 
so clear cut that they seem to justify the presentation of the data. In addition, some 
200 trees, upon which records were taken individually, are involved in the trial; each 
one can strictly be regarded os a plot in itself. Thus the number of reduplications is 
considerable, indeed never less than 8 and, in the case of the starved plot, usuaDy 16. 
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The material. 

The two varieties, Bramley’s Seedling and Worcester Pearmain, the buds of which 
were taken from trees of good history, were thought likely to respond very differently 
to manurial treatments, Bramley’s Seedling represented a most vigorous growing 
type of green cdoking apple, robust in constitution, whilst Worcester Pearmain, grown 
to perfection, is a highly coloured mid-season dessert fruit with considerable external 
“quality.” Its constitution is generally considered weak, being especially susceptible 
to canker and scab. 

Both these varieties were budded upon eight distinct varieties of known root stocks, 
raised in the Station’s nursery. With a single exception—that of No. X stock—all the 
others belonged either to Group (h) “Semi-dwarfing,” i,e. Nos. II, III, V, VII, or to 
Group (c) “Vigorous,” i,e. Nos. I, IV, VI. 

No. X was at the time thought to belong to the “very vigorous” Group (d) since, 
in the early years, when worked with Lane’s Prince Albert, it made exceptional growth. 
Later, this variety was shown to approximate to an “incompatible” stock with some 
varieties, especially with Bramley’s Seedling, whilst with other combinations its early 
heavy cropping propensities have checked its growth in later years (2). 

It should be stated that observations upon many of the experimental plots (3) have 
shown that several representatives (Nos. V, II and VII) of the so-called “semi-dwarf” 
Group (h) possess in common not only a somewhat similar type of root system, but 
the potentiality for producing leaf-s(^orched trees—given appropriate external con¬ 
ditions. This physiological disturbance of the tree, proved by Mr T. Wallace of Long 
Ashton to be an indication of potash dofitdency (4), is far less frequent and acute where 
rootstocks Nos. I, and VI are in use. 

Thus, at the outset, the two plots included trees mth very different latent po¬ 
tentialities, the significance of which hiis only become apparent as the records thereon 
have accumulated. 

All the trees were planted as one year olds. They were weighed at time of planting, 
unfortunately not individually but in bundles of five trees—^the mean weights being 
deduced from these figures. Table II gives these averages for sets of eight trees upon 
each stock on the manured plot and for similar sets of sixteen trees on the unmanured 
plot. 

As will be seen, without exception, the trees planted on the unmanured plot 

Table II. 

Average weights at planting in ounces per tree. 

Worccsstcr Pearmain Bramlcy’s Seedling 


On rootstock 
No. 

Manured 

Unmaiuired 

Manured 

Unmanured 

1 . 


9-8 

11*5 

131 

11. 

0-3 

6*4 

0*3 

8*3 

Hi. 

4-4 

6*4 

r>6 

6 .5 

IV. 

58 

6*3 

6*3 

80 

V. 

fi-7 

73 

90 

10*4 

VI. 

73 

108 

10-3 

11*8 

VII. 

6 9 

8*6 

7*8 

9*4 

X. 

80 

8-5 

60 

99 
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happened to be sturdier than those on the manured. This is explained by the fact that 
the average weight for all the “plantable” trees on each stock was first taken, and 
those round about the mean were first selected for planting. When the unmanured 
plot was reached, trees somewhat above average size had to be used. 

In other words, quite unintentionally and as a result of faulty planning, the un¬ 
manured plot started with decidedly better trees, the most notable cases being those 
of Worcester Pearmain on No. VI and Bramley’s Seedling on No. X rootstocks. 

Planting. 

The Bramley’s Seedling and Worcester Pearmain were planted alternately at 
15 feet square—^the former l>eing intended for “permanents,” the latter as “filler" 
trees. 

Each set of either variety upon a single rootstock was divided into two, and planted 
in two loc^ations on the plot. There was no definite attempt made to interplant trees 
upon strong and dwarfing rootstocks or to plant them in any selected order according 
to growth potentialities. 

The weather was more favourable for the planting of the manured than it was for 
some of the trees on the unmanured plot—^a heavy rain having supervened—^but there 
is no evidence in the next few years that the manured plot subsequently benefited 
in any way thereby. 

Tbeatment of the plots. 

The treatment of the plots immediately prior to planting and subsequently, to 
date, is detailed in Table III. 

Owing to the limited space available and to the financial exigencies of the Station, 
it was found necessary to intercrop both plots for three years with a common vegetable 
crop. In January 1922 these were replaced by a single row of raspberry canes which 


Table III. 

Manvrial treatments artd intercropping of the two plots since planting. « 
Manurial trcatinciits (rates per acre) 


’S'car 

Manured plot 

Unmanurod plot 

1919-20 

Shoddy* 30cwt.; soot 66 bushels; 
lime lOewt. 

Nil 

1920-21 

]-)img 1.7 tons 

Mustard 

1921-22 

Shoddy 30 ewl.; lime lOcwt.; fish 
meal 5 cwt. 

Mustard, 
bime 10 cwt. 

1922-23 

Dunjj lo tons; bone siftings 2k cwt. 

Cabbage 

1923-24 

Shoildy 30 cwt,; meat and hone 

5 cwt,; rape* as green manure 

Rape 

1924-25 

Dung 15 tons; muriate of potash 

4 cwt.; rape dust 6 cwt. 

Nil 

1925-20 

Shoddy 30 cwt.; meat and bone 

4 cwt,; Peruvian guano 2 cwt. (on 
nvspberrics) 

Nil 

1926-27 

Sulphate of potash 3 cwt. 

Nil 

1927-28 

Sulphate of yiotash 3 cwt.; meat 
and bone 6 cwt. 

Nil 

1928-29 

Sulphatt? of potash 3 cwt. 

Nil 

♦ A black wool shoddy analysing 7 to 8 % ammonia was used throughout. 
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formed the main variety collection at the Station until they were all grubbed in 
December 1928. The same varieties were planted upon both plots. A single black 
currant bush was planted in 1923 between the trees in the tree rows, the variety Baldwin 
on the manured plot and the French varieties on the unmanured plot. These were 
also grubbed in 1928. 

Whilst there is no denying that this intercropping was, to say the least, unfortimatc, 
some of the crop records obtained therefrom gave a useful indication that the condition 
of the soil on the two plots after the differential treatments in the early years, differed 
at least in so far as small fruits and annual crops were concerned. 

Records taken. 

Before studying the tabulated data obtained from these trees, it will be well to 
explain the nature and methods of the records taken thereon. 

During the early years, all the trees were ‘‘leader tipped’’ according to a uniform 
scale, and all lateral shoots above a certain maximum length were “spur pruned.” 
This treatment has been continued to date on all trees of Worcester Pearmain on root¬ 
stocks Nos. I and II on both plots. As long as this treatment has been continued, it 
w^as found possible, in most cases, to measure all the new shoot growth in each in¬ 
dividual tree. When, for cultural reasons, it became urgent to stop leader tipping, as 
in the case of Bramley's Seedling on all stocks, other expressions of tree vigour had 
unfortunately to he solely resorted to, such as the average height and spread of the 
head of the tree, and the annual girth measurement of the main stem taken at a fixed 
point. These latter observations were Ix'gun sometime before the wood measurements 
wore discontinued. 

All fruits have been counted, graded and weighed. Tlie grading has in some cases 
been for colour and scab blemish as well as for size. 

In several years records of the amount of leaf scorch upon certain sets of trees have 
been taken on both plots. Some records of canker and apple mildew arc also available 
for comparison. 

Manitrial treatments subsequent to planting. 

Table Ill also shows the manurial treatments on the two plots from the time of 
planting up to the present day. It will be noticed at once that, as w^fis the common 
horticultural practi(;e at that time, in the early years the dressings on the manured plot 
were in the main nitrogenous. Up to the end of 1926, the only potassic dressing given 
to the trees was a dressing of muriate of i>otash in March 1925. On the unmanured 
plot, four green crops were ploughed in up to the end of 1925, but tw^o of these were 
only very light dressings owing to the failure of the crops to grow satisfactorily. 

About this time it became clear, first through the w’ork of Wallace (^) and sub¬ 
sequently through the field trial of Grubb (5), that potassic dressings w^erc likely to be 
essential to the proper growdh of fruit trees in the field, and that the phenomenon 
known as leaf scorch, w^hich was becoming increasingly prevalent in certain varieties, 
was closely connected with improperly balanced manurial applications, and in 
particular a deficiency of this element. 

Since 1926, therefore, an effort w'as made to make good this deficiency, and in each 
year a dressing of 3 cwd. of sulphate of potash per acre has been applied to the fully 
manured plot, w hile the nitrogenous dressings have been somew hat reduced. During 
this period the starved plot has received nothing at all. 
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The effect on tree vigour. 

{a) The first six seasom. 

As has been pointed out, at the time of planting the trees on the starved plot were, 
if an^dhing, somewhat sturdier than those on the fully manured plot; and during the 
next five seasons’ growth the only differences in vigour of which it is possible to be 
certain, are in favour of the unmanured plot. Table VI shows the position at the end 
of this period. It will be seen that, with the exception of the trees of Bramley’s Seed¬ 
ling on Nos, VII and X, there was no significant difference between the two plots, 
either in total wood growth or in girth of stem at the end of this time. In several coses 
the differences ^vere still slightly in favour of the starved plot; and in the two cases 
mentioned, i,e. Bramley’s Seedling on Nos. VII and X, the trees on this plot were still 
definitely ahead. 

Table IV. 

Comparison of the vigour of trees on the manured and unmanured plots at the end 
of six seasons' growth. 

Bramley’s Seedling Worcester Pearmain 

Total wood growth Girth of stem Total wood growth Girth of stem 

(in m.) (in mm.) (in m.) (in mm.) 

^^-^ ^^ ^>-^ ^-.A-^ 

Rootstock Un- Un- Un* Un- 

No. Manured manured Manured manured Manured manured Manured manured 

(6) V. 53-5 o3‘6 213 212 464 48*3 153 154 

VII. 54*3 61-7 193 209 50*9 57-6 142 148 

11. 00 4 56 4 214 210 583 52*2 162 155 

III* 61*6 ,57*0 213 206 57 3 55-9 102 155 

(c) VI. 57*8 61*7 204 209 434 56 1 144 154 

I* fiO'l 700 217 221 55*5 57*2 153 159 

IV. 724 67*6 218 215 — — 153 157 

(d) X. 37 3 46 9 154 185 510 54-2 154 1.54 

For the sake of simplicity in this and most of the tables to follow, the averages per 
tree alone are given. The individual tree records have, however, all been analysed and 
are, as usual, available for inspection by those interested. In every case where the 
difference between the two plots is significant (U, the odds against the difference being 
due to chance are greater than twenty to one), the two means thus differing are in 
black type in the table. 

(6) From the seventh to the eleventh season, 

(i) Different response of the two varieties. 

From the seventh season onwards, differences which can be attributed to manurial 
deficiency began to make their appearance, whilst it is interesting to note that these 
differences became apparent in the season immediately following the first dressing of 
potash, both experience of the comparatively slow w'orking of such a dressing upon 
apple trees and the symptoms of the plot as a whole suggest that this may not be the 
only deficiency, lables V and VI give the history of the vigour of the two varieties as 
expressed by girth increments, on each of the eight rootstocks in the trial, from the 
seventh season (1925) up to the end of 1929. Comparing the two tables, it is evident 
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Table V. 

Annual girth increments in millimetres per tree from the ser>enih to the eleventh season, 

Beamley’s Seedling. 


Actual girth Actual girth 

at the end at the end 

of 1924 Girth increments of 1929 


Bootstock 

No. 

Plot 

No. of 
trees 

r ' 

(S-E.) 

^ 1925 

1926 

1927 

1928 

1929 

r - 

(S.E.) 

(h) V. 

Manured 

8 

213 

{4-fl) 

43 

)3 

60 

49 

57 

475 {M) 


Unmanured 

16 

212 

(3-6) 

36 

51 

49 

41 

45 

433 (0-6) 

VII. 

M. 

8 

193 

(7-6) 

44 

50 

55 

40 

34 

416 (13-7) 


U. 

14 

209 

(32) 

33 

48 

43 

31 

23 

386 (7 6') 

II. 

M. 

8 

214 

i5-9) 

42 

54 

61 

47 

54 

471 {8'7) 


U. 

16 

216 

(5-7) 

36 

56 

55 

41 

43 

441 {10-5) 

III. 

M. 

8 

213 

(5-9) 

48 

58 

65 

49 

54 

487 {&!) 


U. 

15 

206 

(5-9) 

40 

51 

50 

36 

29 

413 {12‘2) 

(c) VI. 

M. 

8 

204 

{5 7) 

48 

58 

64 

45 

49 

468 (12‘S) 


U. 

16 

209 

{■>2) 

47 

57 

55 

45 

45 

459 (0-2) 

1 . 

M. 

8 

217 

(6-0) 

43 

56 

57 

38 

45 

455 (J3‘2) 


U. 

16 

221 

(51) 

39 

56 

54 

45 

42 

456 (9-2) 

IV, 

M. 

8 

218 

(4-(i) 

47 

59 

59 

50 

45 

478 (6-0) 


U. 

16 

215 

(2-<i) 

43 

55 

50 

40 

28 

429 {4-S) 

(d) X. 

M. 

8 

154 

(5-7) 

35 

39 

44 

36 

39 

347 (Ji*2) 


U. 

16 

185 

(i-1) 

33 

44 

45 

36 

32 

374 (J'i) 


Table VI. 

Annual girth increment's in willimetres per tree from the seventh to the eleventh season. 


WOKCESTER PbARMAIN. 



Actual 






Actual 


girth at 


Girth increments 


girth at 

Bootstock 

end of 

— 


_V- 



end of 

No. Plot 

1924 

1925 

1926 

1927 

1928 

1929 

1929 

(6) V. Manured 

153 

33 

33 

40 

35 

43 

337 

Unmanured 

154 

30 

31 

35 

29 

35 

314 

VII. M. 

142 

27 

32 

25 

23 

27 

276 

U. 

148 

29 

31 

26 

22 

21 

277 

II. M. 

162 

33 

41 

40 

34 

45 

355 

U. 

155 

26 

30 

32 

27 

28 

307 

III. M. 

162 

34 

39 

42 

36 

43 

356 

U. 

155 

30 

34 

33 

29 

30 

311 

(c) VI. M. 

144 

29 

35 

31 

26 

28 

294 

V. 

154 

31 

40 

40 

33 

39 

338 

I. M. 

153 

29 

38 

33 

28 

31 

312 

U. 

159 

28 

36 

30 

30 

33 

316 

IV. M. 

153 

33 

35 

34 

30 

34 

319 

U. 

157 

32 

35 

33 

27 

30 

314 

(d) X. M. 

164 

25 

33 

30 

29 

30 

301 

U. 

154 

20 

32 

26 

25 

25 

287 
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will be seen that No. II (Doucin) induces a bigger tree of this variety than No. I 
(Broadleaf), under balanced manurial conditions; where manures are withheld on the 
other hand, No. II resumes its position as a semi-dwarfing rootstock, as compared 
with No. I, which under these conditions produces the bigger trees. 

WOOD GROWTH OF WORCESTER PEARMAIN ON NOS. I & II 
FROM THE 7" TO THE if SEASON ON THE 
MANURED PLOT & UNMANURED PLOT 


METRES 



It will be noted by reference to Table V that the same result has occurred with 
Bramley’s Seedling. 

Before leaving the question of vigour, one or two clear cases of differential effect 
should be noted. 
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While Worcester Pearmain on No. IV has behaved like the other members of the 
vigorous Group (c), this rootstock under Bramley’s Seedling has induced trees which 
have responded to starved conditions in exactly the same way as those on members 
of the semi-dwarhng Group (/>). 

It should be remembered that although this rootstock, itself a dw'arf, produces as 
a rule vigorous trees, it also displays many of the characteristics of a dwwfing or 
semi-dwarfing rootstock, such as early heavy cropping, and the typical swelling at 
the union of scion and stock so characteristic of this group. It is also knowui to be a 
rootstock especially suited to Worcester Pearmain. 

Worcester Pearmain on No. N, while by no means forming an incompatible com¬ 
bination, seems to behave in much the same way as Group (b). This variety on No. \’I 
has so far show'n no evidence of manurial starvation in its vigour, indeed, as has been 
pointed out, the trees on the unmanured plot, which were heavier at the start, are 
still significantly larger. 

As has been observed, measurements of height and spread have also been taken on 
these trees, and, w hile allowing for the effect of pruning upon these characteristics, 
they bear out in general the results as shown by girth of stem and wood grow'th. 

The effect on chottiso, 

(a) Worcester Pearmam. 

Of the two 'varieties in the trial, the first to come into cropping was Worcester 
Pearmain. This variety produced small crops in the sixth and seventh seasons (1924 
and 1925). In these two seasons little difference w'as to be noted betw'een the tw'o 
plots in actual weight of crop harvested, as sbowm in Table \TI, although those on 
No. JV, the heaviest cropping trees, certainly produced more fruit on the manured 
plot. In ]92f] the crop failed and the first crop of any size w'as harvested in 1927. In 
this year, on the manured plot the four heaviest cropping sets of trees {i,e. those on 
Nos. 11, 111, 1 and IV) produced a significantly heavier crop than on the unmanured 

Table VII. 

Croppmg of Worcester Pearmam on manured and unmanured plots in pounds per tree. 


Rootstock No. ]*lot 

1924 

192.5 

1927 

1928 

1920 

V. Manured 

0*9 

:i*(> 

16*9 

2.5 8 

41*0 

Unmanured 

0*4 

3*6 

14 5 


3.5*5 

Vil. M. 

2*7 

34 

19 8 

22 6 

47 3 

U. 

2 8 

51 

18 3 

2US 

268 

II. M. 

42 

0 1 

25 7 

41*3 

45*4 

U. 

25 

8*0 

172 

23 7 

37 2 

Ill. M. 

1*9 

5*.5 

30 3 

41*5 

41 9 

U. 

1*9 

6*3 

20 3 

24 7 

42 3 

VI. M. 

1*9 

2*6 

18 2 

26*7 

52*3 

U. 

1*7 

3-4 

17*1 

24*.5 

54*5 

I. M. 

3*6 

7-3 

346 

34 9 

68 3 

U. 

2*4 

7 2 

20 6 

25 6 

536 

IV. M. 

61 

84 

388 

42 0 

79*1 

U. 

38 

61 

226 

256 

571 

X. M. 

27 

3-7 

19*7 

26*9 

546 

U. 

12 

3-5 

19*7 

25* 1 

409 


There was practically no crop in 1920. 
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plot, and this was repeated in the following year. In 1929 the trees in the vigorous 
group all produced larger crops than those in the semi-dwarfing group, and, of these, 
Nos. I and IV, still had the larger crops on the manured plot. Although the trees on 
No. Ill had more or less equal weights of fruit on the two plots in this year, the general 
tendency in the semi-dwarfing group was in favour of manuring, and this is also the 
case with the trees on No. X. Generally speaking, with the exception of Nos. V and 
VI over the whole period, the trees on the manured plot have produced the larger crop. 

The bigger trees of this variety on No. VI on the unmanured plot have already been 
noted, and this is probably the reason why the weight of crop is not smaller on this 
plot. No. V is a rootstock which seems to produce small crops with all varieties, and 
in this case even balanced manuring does not seem up to the present to have benefited 
the trees to any extent. 

{h) Bramhijs Seedling. 

This variety produced very little fruit on cither plot prior to 1928. Up to the end 
of 1927, as is shown in Table VIII, there was no difference which could be attributed 
to manuring. 

In 1928 these trees produced their first heavy crop, and in this year in every case, 
except No. X, the trees on the manured plot had definitely the larger crop. 

Table VJIT. 

Cropping of Braml€y\^ Seedling on manured ayid tinmannred jdots. 


Rootstock No. Plot 

Total No. 
of apples 
to 1927 

1928 

(lb.) 

1929 

(lb.) 

V. 

Manured 

55 

71 

79 


Pnmanured 

(54 

32 

62 

VIJ. 

M. 

85 

114 

199 


U. 

92 

lb 

101 

II. 

M. 

72 

119 

85 


U. 


81 

107 

III. 

M. 

:i9 

88 

115 


U. 

4ti 

58 

106 

\i. 

M. 

4(5 

74 

168 


II. 

48 

41 

146 

I. 

M. 

74 

119 

137 


U. 

53 

64 

118 

TV. 

M. 

72 

95 

234 


IJ. 

72 

69 

149 

X. 

M. 

5 

20 

71 


U. 

26 

44 

92 


In 1929 the trees on the unmanured plot developed a large number of short blos¬ 
soming spurs as compared with the manured plot. In consequence, the actual numbers 
of fruit set on the starved plot was much greater, and although, as will be shown, the 
actual fruits on this plot were very much smaller, in one case (No. IJ) the trees on the 
unmanured plot actually had a somewdiat larger weight of fruit, and in three other 
cases (Nos. Ill, VI and I), the weight harvested was not significantly in favour of the 
manured plot. 
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Table IX. 

Size of fruit, shown hy number of apples to the pound, on the manured and 

unmanured plots. 


Bramley’s 

Worcester Pearmain Seedling 


Rootstock 


^ - 


^_ 

-^ 

-- 

-^ 

No. 

Plot 

1925 

1927 

1928 

1929 

1928 

1929 

V. 

Manured 

50 

5-5 

GO 

5-0 

_ 

3-2 


Unnianured 

5‘3 

0-4 

5-8 

G-2 

— 

4-(> 

II. 

M. 

4-5 

4-9 

5*3 

4-5 

3-4 

2-7 


U. 

4-8 

5-6 

G-7 

6-3 

42 

3 9 

I. 

M. 

4-4 

40 

50 

4-8 

3-3 

2-7 


U. 

50 

5*5 

G1 

G-0 

4-1 

4 3 

X. 

M. 

42 

5*0 

.5*0 

5-2 

3 1 

3-2 


U. 

4-8 

5*2 

5-7 

G'l 

3G 

4 1 


CROPPING OF 

BRAMLEYS 

SEEDLING 

IN 1929 





IN BUSHELS 

PER ACRE 

AS GRADED FOR SIZE 




ON 

NOl 








2 

3 

4 

6 

a total, cftOP A valuc 


MaNURfO ■ 

■ 

■ 

■ 

■ 

615 BUSHELS 

m 



7 

£26 It 

£ 40-16 

£86 18 

£ 88-18 

18 / • £183 19 



UNVANORCO 


m 

■ 

■ 

m 802 BUSHELS 


71' 

£2 8 

£6 7 

£49 8 

£8 8 £67 18 


ON NO li 

MANURED • H 

■ 

■ 

■ 

387 BUSHELS 

• 

£28 £19 18 

£28 10 

£25 11 

£22 1 

Sh £98-11 


UNMANUREO 

£1-0 

■ 

£4-4 

■ 

£11 0 

■ 

£580 

■ 

£4 19 

458 BUSHELS 

£74 8 


ON NOV 






MANURED , 

£12 

■ ‘ 

£7 2 

■ 

£12 0 

■ 

£l»0 

■ 

£82 0 

■ 

£2 8 

S50 BUSHELS 

£78 7 

UNMANUfNTO 



■ 

£2-IS 

■ 

£22 II 

■ 

£6-4 

264 BUSHELS 

£11-16 


Fig. 3. 


Ann. Biol, xvn 
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Effect on size of fruit. 

Although, in all cases, significant differences are not apparent in total weight of 
crop, very definite differences in size and quality of fruit have become evident. As far 
back as 1925 (Table IX), the fruits of Worcester Pearmain appeared somewhat larger 
on the manured plot, as is indicated by the average number of apples to the pound. 
Since that time, in practically every case, the manured plot has produced bigger fruits, 
not only of Worcester Pearmain, but also of Bramley’s Seedling. This was even 
apparent where the fruits were thinned. 

This fact naturally makes a very big difference to the value of the crop. In every 
year the fruits have been graded for market. Pig. 3 shows the relative crop in bushels 
per acre, in each of the six size grades, for Bramley’s Seedling on Nos. I, II and V on 
the two plots in 1929. An average value per bushel for each grade has been calculated 
from the prices received throughout the season, and from this it is possible to compare 
the total value of the crop under each different treatment after marketing expenses 
have been deducted. It is obvious that, although, in one case (No. II), the greater 
weight of fruit was harvested on the unmanured plot, the fact that practically the 
whole of this crop was to bo found in the two smallest grades makes the smaller crop 
on the manured plot of greater value. Thus on the starved plot tliere were 459 bushels 
having a value of £74. 35. and on the manured plot there were only 387 bushels, but • 
the value was £98. Il5. 

This diagram once more emphasises the poor return produced by trees on No. V 
when compared with other rootstocks, since here not only is the actual crop smaller 
but the fruits themselves are very much smaller, even when properly manured. Thus, 
on the manured plot, the value of the crop on No. I was £154 per acre, while that on 
No. V was only worth £73 per acre, and on the unmanured plot the value was £68 on 
No. I, as against only £32 on No. V. A table could be presented showing much the 
same type of performance for W'orcestcr Pearmain. 

Another interesting comparison may be made between the behaviour of Worcester 
Pearmain on these two rootstocks. Whilst the grovi^h on those on No. V is adversely 
affected by starvation, the fruit crop is not materially improved by manuring. 
Exactly the reverse is the case of the trees on No. I. 

The fact has been frequently commented on that No. V stock not only scorches 
badly itself in the stool beds, but also produces trees which are always the worst 
affected by this trouble. Indeed where potash has been applied, the trtjes on this stock 
are known to recover less rapidly than on other rootstocks. This may have contributed 
to the above result, although it is by no means certain that it is the whole cause; since, 
whatever the treatment, this stock always seems to give trees of a comparatively poor 
fruiting performance. 

Effect on fruit quality. 

Not only have the trees on the unmanured plot produced small fruits in the last 
two or throe years, but tliey have also lacked that less readily measurable character¬ 
istic, quality. By means of the normal grading of the fruit for market into three 
grades, “Extra Fancy,” “Fancy” and “C” Grade, it is possible to show that, apart 
from size, this difference is a real one. Fig. 4 shows the percentage of the total crop 
in each of these three grades for Bramley’s Seedling in 1929 on Nos. I and II on the 
two plots. It is at once clear that a greater proportion of high quality fruit has been 
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obtained from the manured plot. It is a little difHcult to describe the condition of the 
fruits which is responsible for this, since actual colour is not a quality which is of im¬ 
portance in Bramley’s Seedling. However, it is quite certain that there has been a 
general lack of condition and a tendency for the fruit to bruise more easily in handling 
which was probably partially responsible for this result. The trees of Worcester Pear- 
main do not show this lack of quality on the unmanured plot quite so markedly as 

QUALITY OF BRAMLEY’S SEEDLING CROP IN 1929 

AS SHOWN BY THE PERCENTAGE OF THE TOTAL CROP IN EACH OF THE THREE MARKET GRADES 


'extra fancy' 

“fancy’ 


imi 

I MANURED H 

■ 

■ 

26 

63 

22 

I UNMANURED ■ 

■ 

■ 

3 

4-5 

52 

n manured H 

m 

■ 

9 

67 

34 

n UNMANUREO gg 

■ 

■ 

2 

41 

Fig. 4. 

67 


those of Bramley’s Seedling. The fact that colour is here tiie most imiiortant quali¬ 
tative feature is partially responsible. Although the coloured apples on the unmanured 
plot wore undoubtedly of a duller and less attractive red than those on the manured, 
it was not possible to show this difference in the grading. Again, the fruits in this case 
were marketed immediately, and thus the bruising factor was avoided. The question 
of the storage quality of fruits from these plots is not dealt with here. 

Effect on oisease. 

Another qualitative factor which has contributed to this striking result has been 
the marked difference in the amount of scab found on the apples on the tw’o plots. For 
both varieties on all stocks there w'as a much gmxter amf)unt of scab on the starved 
plot. Counts of the scabbed fruits were made in 1929 by ]Mr M. H. Moons and his 
estimates for Worcester Pearmain are shown in Table X. Moore(7) has described else¬ 
where his teclmique for the estimation of this infection, and there is no doubt about 
the significance of these results either for the first or second picking in the single year 
(1929) when this record was obtained. 

As has been pointed out before (3), the amount of leaf scorch on the unmanured 
plot has been considerably greater than on the manured plot, and at the same time 

43—2 
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Table X. 

Occurrence of scab on the fruits of Worcester Pearmuin in 1929 on manured 
and unmanured plots. 

First picking Second picking 


Rootstock 

No. 

r 

Manured 

Unmanured 

Manured 

Unmanured 

V. 

3*8 

6-6 

5-7 

7-4 

VII. 

60 

11-8 . 

8-8 

14-3 

11. 

40 

9-3 

7-8 

80 

III. 

4-4 

12-5 

7-7 

15-6 

VI. 

4-7 

IM 

8-1 

13-8 

1. 

6-0 

6-5 

6-4 

8-4 

IV. 

7-0 

16-2 

8-7 

18-3 

X. 

0-1 

7*4 

4-9 

9-4 

ienoral mean 

0-13 

10-03 

7 26 

11-98 


s.t:. of general mean 0-32 0*44 

Table XI. 

Leaf scorch on Bramlctfs Seedling and Worcester Pearmnin on rootstock 
Nos. I and V on unmanured plot. July 1929. 



Braniley’s 

Wi>rc(‘ster 

Rootstock 

Needling 

Pearmam 

No. 

(%) 

(%) 

I. 

9-2 

7-2 

V. 

24-7 

15-0 

of difference 

3-0 

4-0 


N.B. Tliere Avas no leaf scorch on the manured plot at this date. 

certain varieties of rootstock have given trees which have been more susceptible to 
this trouble throughout. 

An estimation of the percentage of the leaves affected was again made*, in July 
1929. At this time there was no leaf scorch on the manured plot, but on the un* 
manured the trouble was alrt‘ady advanced. Table XJ shows the amount on the trees 
on Nos. I and V for both varieties at tliis date. It will be seen that in both cases 
there was considerably more on the trees on No. V, some 25 per cent, of the leaves 
of Bramley’s Seedling being scorched on this stock as against 9 jwt cent, on No. I. 
The amount of scorch on Worcester Pcarmain w'as not so groat (and varied greatly 
from tree to tree), but the difference between the two stocks is still apparent. 

In previous years, when the drought factor had not so seriously intervened to 
cloud the issue, the comparative amount of leaf scorch on the two stocks was much 
more obvious. 

General indications of starvation. 

In addition to the measurable differences such as vigour, cropping, size of fruit, etc. 
already described, there were certain other indioations that the starved trees on the 
unmanured plot were suffering from some manorial deficiency, w'hich have been obvious 
to the eye at any rate during the last two seasons. Thus the appearance of the trees during 
the whole season was one of debility; in addition to much leaf scorch, the leaves were 
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thin in texture and of a pale sickly green, the new wood growth was stunted and the 
fruit obviously small and of poor quality. Even in the winter it is possible to distin¬ 
guish the worst affected trees by the many short bifurcated growths at the terminals. 

On the other hand, the mantired plot showed a striking contrast. Here there was 
practically no leaf scorch, even in the last season, when this trouble was accentuated 
by the prolonged drought which undoubtedly affected the growth of all varieties. 

These trees appeared throughout strong and healthy. The foliage was of a deep 
healthy green, thick in texture, and the fruit was of excellent finish and quality. 

Thus, the answer to the simple question of whether apple trees in the field respond 
to fertilisers has been given for East Mailing conditions at least, within the first ten 
years of their life, and apple trees do respond sooner or later to such dressings, though 
the extent of that response will depend upon the variety, and the rootstock upon 
which it is worked. 

The second stage in the experiment will be an attempt to trace and remedy the 
deficiencies in the field. 


Summary. 

1. A simple experiment, wherein a plot of apple trees receiving applications of 
a balanced manure has been compared with a similar plot which has received nothing 
but applications of non-leguminous green crops, has now been conducted for eleven 
seasons. 

2. On land which was in "‘good heart’’ at the time of planting the trees showed 
no response to manuring during their first six years’ growth. 

3. h’rom the seventh year onwards to the present date, very definite differences 
began to appear between the two plots in vigour, cropping, size and quality of fruit 
and health of the trees. 

4. Of the varieties used, Bramley’s Seedling has suffered from the starved con¬ 
ditions to a greater degree than Worcester Pearmain. 

r>. The same variety budded upon different rootstocks shows a marked differ¬ 
ential response; trees on rootstocks in the “semi-dwarfing” group have suffered 
earlier and more markedly than those on the vigorous group of rootstocks. 

6. It is also demonstrated that a rootstock inducing really bad performance, such 
as the poor crops and small fruits produced by trees on Doucin Ameliorc (No. V), 
still gives bad trees, even when subjected to balanced manuring. 


Appendix. 


(1) Tyincnl chemiai! analysis of soil at 

Soil 

East Mailing. 

Subsoil 

Moisture 

1007 

1-066 

Organic matter 

3-38G 

2-033 

Nitrogen 

01047 

0-1400 

Carbonate (CaCOj) 

0-354 

0-352 

Potash (KjO) 

0-2951 

0-316 

Potash available 

0-024 


Phosphoric acid (P 205 ) 

01117 

0073 

Phosphoric acid available 

0-0296 
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(2) Typical mechanical analysis of soil at East Malliiig, 



Soil 

Subsoil 

Hygroscopic moisture and 
soil! ble 

2*955 

2*460 

Fine gravel 

3193 

3*357 

Coarse sand 

39*733 

30*503 

Fine sand 

21*084 

24*090 

Silt 

15*944 

17*03 

Fine silt 

0*872 

S145 

Clay 

0*194 

9-307 

Organic matter 

3*380 

2-033 
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THE REACTION TO POTASH FERTILISERS OF 
APPLE TREES IN THE FIELD. 

By N. H. Gkubb. 

{East Mailing Research Station.) 

(With 3 Text-figures.) 

Apple leaf scorch was already causing some concern at East Mailing as long ago as 
1919, the oldest trees on the Research Station being then in their sixth year from 
planting. It was considered serious enough to justify a close stud}" of its severity, and 
the mapping of two affected areas tree by tree. Although this early study did not 
then lead to any result, it provided useful data for comparison with later observations, 
after the potash treatment was adopted. 

The adoption of the potash treatment followed, of course, Wallace’s discovery 
through pot-culture experiments that leaf scorch is usually a symptom of potash 
deficiency (1). The results obtained in our trial were reported in considerable detail 
in 1928(2). 
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The plot used for the trial is the “Pruning Plot,” on which a comparison of the 
effects of different methods of pruning has been in progress for some thirteen years. 
The arrangement of the potash trial, from the experimental point of view, is some¬ 
what crude, the plot having been merely divided into two equal parts, a “treated” 
and an “untreated” half. But although the arrangement is so elementary, we can 
present the results with some confidence; for in the first place, the half of the plot 
chosen for treatment showed consistently more loaf scorch before the treatment began, 
and the trees were making noticeably less progress; and in the second place, with 
twenty sets of trees, comprising fifteen varieties, each treated as regards pruning in 
four different ways, we are able to make a large number of comparisons between 
groups of treated and untreated trees. 

In addition, we fortunately possess individual tree records of growth and cropping 
for four years before the potash treatment was begun; we can therefore compare the 
behaviour of the trees on the two halves of the plot both before and after the treat¬ 
ment began, and can show in some detail how the treatment has affected their 
behaviour. 

The first potash dressing was given early in 1923. The following winter it was 
omitted, but it w^as resumed in 1925, and has been continued annually since then. 
With tw’^o exceptions, the dressing has consisted of 4 cwt. per acre of sulphate of 
potash—a fairly heavy dressing. The first application, in 1923, w^as 2} cwt. per acre. 
In 1928 the dressing was cut down to 2 cwt. per acre, but was restored to 4 cwt. in 
1929. In 1928 the greater part of the “untreated” plot received a dressing of 4 cwt. 
per a<;re, to show how far one application (not refK^atod) w'ould go in bringing the 
untreated trees up to t he improved performance of the treated trees. 

All other manures and fertilisers, and in fact treatments of all kinds, have been 
given identically to both halves of the plot. Prior to 1923 fairly generous dressings 
of nitrogenous artificials, usually following dung or shoddy, had been given annually; 
this may well have intensified the leaf scorch. But in 1919 the whole plot had received 
a dressing of 15 cwt. per acre of “flue dust,” w'hich would no doubt to some extent 
counteract the effect of heavy nitrogen feeding. 

The results to date, in cropping, si^e of fruit and increase in girth of stem, of three 
varieties are shown in the graphs. The three varieties cover a wide range; Grenadier 
has always (where not treated vritli pota.sh) had more severe leaf scorch than any 
other variety in tiie plot and thus gives an extreme rc'sult; Beauty of Bath is the most 
vigorous variety of the fifteen, and has been the slowest to cre^p—the trees having 
never yet borne an^dhing like a full crop; and Worcester Pearmain is recognised as 
being more resistant to leaf scorch than most varieties. Beauty of Bath and Grenadier 
occur on that part of the “untreated” plot w'hich was still left untreated in 1928— 
they have been potash-starved since 1919; w'hilst Worcester Pearmain received the 
one dressing of potash on the “untreated” plot in 1928. These three varieties fairly 
represent the whole collection, and illustrate most of the points of interest. 

Previous to the begiiming of the treatment, as the graphs indicate, the trees on 
the (subsequently) treated plot compared poorly with the remainder, in cropping^ 
size of fruit and girth increase; they w'ero either behind or falling off, relatively, in 
all respects. In every case there is a marked improvement, beginning about the time 
of the first application of potash. 
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At the same time, the leaf scorch was noticeably reduced. Surve 3 nB of its severity 
were made for several years in succession. No clear reduction could be seen, either by 
eye judgment, or by sample leaf counts, after the first potash application; after the 
second, in the summer of 1925, several varieties showed a slight reduction of leaf 



’19 ’20 '21 ’22 ’211 ’24 ’25 ’26 ’27 ’28 

’2'o ’21 ’22 ’23 ’24 ’25 ’lie ’27 ’28 ’iu 


scorch, and generally improved foliage; whilst after the third application the im¬ 
provement was distinct over almost the whole plot. The graphs indicate that in many 
cases the turning point was reached actually with the first application; but nothing 
short of a numerical record would have shown it; eye judgment is not nearly accurate 
enough. 
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Although we have obtained this very definite respoase to potash, in cropping, size 
of fruit, growth and quality of foliage, we have by no means eliminated the leaf 
scorch. In the very dry summer of 1929 many trees on the treated plot showed severe 
leaf scorch, though scarcely ever as severe as the worst cases on the untreated plot. 
This is reflected in the graphs for Worcester Pearmain in the relatively falling rate 
of girth increase, and rediujed fruit size; several other varieties give similar curves. 
In a few cases, both in 1928 and 1929, the trees on the treated plot appeared to have 
as much or more leaf scorch as those on the untreated plot. There arc several possible 
explanations of this fact. 

BEAUTY OF BATH. 
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In the first place it is quite possible that the potash has stimulated somewhat 
excessive cropping, and since a heavy crop always makes leaf scorch more severe 
(other things being equal), the treated trees may at times suffer from leaf scorch as 
severely as the untreated. In a few cases it seems to bo a fact, also, that the heavy 
cropping stimulated by the potash has checked growth; grovdli and leaf scorch are so 
closely related, negatively, with cropping, that one can hardly exj)ect all to be equally 
stimulated by the potash. 

In the second place the one application of 4 cv^ts. per acre given to part of the 
“untreated” plot in 1928 should just have begun to show its effect. The fall in the 
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curves for Worcester Pearmain, which received this application, compared with those 
for Grenadier and Beauty of Bath, which did not, points in this direction. 

But a third possible cause—^the severe drought—seems likely to be in itself a 
sufficient explanation. If potash applied to the surface, and cultivated in, is very slow 
in penetrating to the deep sub-soil, there is likely, after six or seven annual applica¬ 
tions, to be a considerable accumulation of potash in the top soil of our treated plot. 
And if one of its first effects, tis seems likely, is to stimulate rapid root growth, it is 

WORCESTER PEARMAIN on-paradise: 



1910 ’20 ’21 ’22 ’23 24 ’25 ’26 ’27 ’2S 

I I I I I I i I I I 

’20 ’21 ’22 ’23 ’24 ’25 ’26 ’27 ’28 29 

certainly possible that our treated trees, especially after the very >vet summer of 1927, 
had become largely dependent on a mass of comparatively shallow roots. A severe 
drought which prevented these roots from functioning might well have a worse effect 
on the treated than on the untreated trees. 

Other data, besides those used in the graphs, confirm the general deductions. The 
increase in growth of the treated trees is shown equally by the weight of wood re¬ 
moved from the pruned trees in pruning, by the number of new shoots, and by the 
height and spread of the trees. 
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A question on which more data are needed is the effect of potash (if any) on 
blossom bud formation and on blossom “setting.” Since the number of fruits has in 
most cases been increased by the potash treatment, either the number of blossom 
buds, or the proportion of blossoms which produce fruit, or both, must be increased. 

There is no longer any doubt that in certain cases the “set” of fruit has been greatly 
increased by the potash. The most conspicuous case has been that of Rival in 1928. 
In 1927 the treated trees of Rival bore more than twice as much weight of fruit as the 
untreated trees; as a result, in 1928 the blossom of the treated trees was somew^hat 
scanty compared with that of the untreated trees; yet the number of fruits was 
approximately equal on the two sets of trees, and the weight of fruit was greater on 
the treated trees, owing to its greater size. It seems, then, that tlie effect of potash on 
fruit bearing is at least partly due to a better setting of the blossom. 

On the other hand, it seems probable that in certain cases, particularly amongst 
the more severely pruned trees, where the crop was somewhat redu/'ed after the first 
two or three applications of potash, the effect may have been actually due to a re¬ 
duction of blossom bud formation caused by the potash. If a young tree, not fully 
in l>earing, is invigorated in some w'ay, its blossom bud production may i)rcsumably 
be for a time reduced. Since potash has had an invigorating effect on our trees, it 
may w’oll have tended to delay the cropping of those w^hich had not already borne 
heavy crops. True, this effect does not show' in the case of Beauty of Bath—tipped or 
untipped—which as 1 said has been our slow'cst variety to crop; but it does seem to 
show" in the case of the leader-tipin^d tree^ of Norfolk Beauty, Annie Elizabeth, and 
Grenadier on “(U'ab” (not those showm in the graph), all of which have been slow to 
crop. 

The possible effects of potash on fruit colour and maturity are more diflieult to 
study. So mail}' factors affect fruit colour, directly or indirectly, that it is very hard 
to disentangle them. Fruit colour rc'cords have been taken of one or more varieticvS 
each year, and the results are in many cases contradictory. There appears, how'ever, 
to be a simple explanation of Ihest' variable results. It has frequently hap})ened that 
the fruit of the leader-tipped trees has been better coloured from the untreated plot, 
wdiilst that from the untipped trees luis more usualty been better coloured from the 
treated plot. This is intelligible if we suppose that the stimulation of growi;h on the 
treated j)iot has made the foliage of the tipped trees relatively denser, in comparison 
wdth the untreated plot, than that of the untippcxl tree's. Eye judgment would suggest 
that this is tlie case. On this view, the pota«h-fed trees should produce the better 
coloured fruit, except where the denser foliage, rc'sulting from more vigorous grow'th, 
shades the fruit and prevents full colouring. In at least one case (Newton AVonder in 
1928) it w'as obvious, just before picking, that the fniit exposed to the light w'as much 
more highly coloured on the treated plot, w'hether on tipped or untip])ed trees. But 
the effect was masked when the fruit w'as picked, owing to the large number of almost 
green fruits from the lower branches of the treated trees. The effect would probably 
have been more pronounced had the trees (both treated and untreated) been regu¬ 
larly summer pruned, so as to give the fruit a better chance to colour fully. 

Observations on various diseases have indicated a somew^hat indefinite result. 
Fruit growers have sometimes claimed that they have prevented scab (on the fruit. 
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presumably) by potash treatment. Our trees do not yet give any such indication; 
such records as we have made actually show slightly more scab on the fruit from the 
treated trees. This may, however, be only an indirect effect of the potash, due to the 
much denser foliage of the treated trees. 

This observation is not necessarily in conflict with the fact, noted in the last paper, 
that a comparison of the completely starved plot with the regularly manured plot at 
East Mailing shows markedly more scab on the starved plot. The '‘untreated” plot 
in the potash trial has been fairly generously manured, except with potash, and is not 
at all on a par with the completely starved plot. 

Apple canker, again, docs not yet seem to have been reduced by the potash treat¬ 
ment. The only variety in the plot which has recently cankered badly—James Grieve 
•—has consistently sIiovti more canker on the treated plot, both before and since the 
treatment began. Since the most vigorous trees of James Grieve usually show the 
most canker, it seems quite possible that the potash treatment may have slightly 
increased their susceptibility. 

Apple mildew is the only fungoid disease which does seem to show a reduction on 
the treated plot. Records are as yet somewhat scanty, but it is clear that New'ton 
Wonder, Lane’s and some other varieties, are now distinctly freer from mildew on 
the treated plot, which appeared to be slightly more affected by the disease before the 
treatment began. 

Finally, an observation made in 1928 suggested a curious and unexpected influence 
of the potash. In that ycjar the whole plot, treated and untreated, was sprayed, after 
blossoming, with lime sulphur at 1 in 100, plus 4 lb. of lead arsenate paste per 100 
gallons. Two varieties. Rival and Lane’s Prince Albert, showed some injury and con¬ 
siderable leaf fall, fn the case of Rival, the leaf fall was very much heavier on the 
untreated plot; a rough estimate suggested that there were three or four times as 
many leaves on the ground under the untreated trees as under the treated trees. In 
the case of J^ane's the difference was slight, and would probably have escaped 
observation, but for the striking difference in the case of Rival. 

Summary. 

The application of sulphate of potash over a period of years to part of the 
“Apple Pruning Plot” at East Mailing has resulted in: 

1. A great reduction of “leaf scorch.” 

2. Greatly increased growth of the trees. 

3. A great increase in weight of crop and size of fruit. 

4. In some cases better “setting” of the blossom. 

5. In a few cases a probable reduction of blossom bud formation. 

6. Heightened fruit colour, except where increased foliage shades the fruit. 

7. No reduction of disease, except probably apple mildew (and “leaf scorch”). 

8. In one or two cases, foliage more resistant to “spray injury.” 
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EXPLANATION OF GRAPHS, 

The graphs show the relationship, in biennial ijcriocls, between the trees of three 
varieties on the treated and untreated parts of the plot. 

Figures for untreated trees taken as 100 (heavy horizontal line). 

(Continuous line--— = untipped trees. 

Broken line -— tipped trees. 

Heavy vertical line shows first biennial period including an application of potash. 


SOME OBSERVATIONS UPON THE GROWTH AND SEASONAL CYCLE 
OF FOOD RESERVhCS IN APPLE TREES. 

Bv Thomas Swakbrick, M.Sc., Ph.D. 

(Long Ashfon Research Station, Universitij of Bristol.) 

InTRODUCTIOIs. 

All physiological investigations in horticulture are fundamentally questions of 
nutrition. Differences in rates and direetions of metabolic activity are the causes of 
our observed ditferences in external growth phenomena. The nutrition of fruit trees 
occupies a large place in physiological investigations in horticulture because nutrition 
in its major aspects is so closel>' related to and affected by environment. 

The major probhmi in horticulture from a physiological standpoint is a growth 
problem of a very special order. It is not the problem of the timber merchant and the 
fort‘ster who are primarily interested in the amoimt of wood, but it is the problem of 
obtaining in our trees that kind, amount, quality and distribution of growth which 
will give us fruit as a main end product of metabolism. 

In view of the fact that tree growth as we see it with our eyes is an index or a 
resultant of certain physiological or nutritional states Avhieh precede it, we are con¬ 
fronted at once with the great tiisk of elucidating and separating the various factors 
which together underlie and determine growth responses as we know them in practice. 
This is the task of correlating internal antecedent conditions with external growth 
features so that from external characters we may correctly diagnose internal con¬ 
ditions. Thus shall we be able to initiate corrective treatments for physiological dis¬ 
orders which will be grounded in scientific knowledge. The quest of the physiologist 
at the moment is the attempt to correlate grow'th characters with their internal ante¬ 
cedents, so that we may correctly diagnose tree conditions and nutritional needs. 

The necessity for stressing this view point is shown by a consideration of the fact 
that the effect of any cultural or manurial treatment upon i/ieki is ahva} s an indirect 
(‘Sect. The effect of the treatment is primarily an effect upon the metabolism of the 
plant. This has its effect upon tree growth which in turn affects yield and quality of 
fruit. Hence if we judge our results by yield only we are very likely indeed to miss 
entirely the significant diagnostic features revealed by manurial and cultural treat¬ 
ments. In any study of tree nutrition the primary consideration appears to be the 
effect of the treatment upon groicth responses, and through this upon yield. The 
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attempt must be made to understand growth features in terms of their internal 
metabolic antecedents and the environmental conditions which produce them. 

This view point and method of recording results, if more imiversally adopted, 
would go far towards clearing the issues in many of our manurial and pruning ex¬ 
periments. The effects of a cultural or manurial treatment upon yield will often be 
determined by purely local conditions, and by the condition of the trees when the 
experiment was started. In the majority of very detailed pruning and manuring 
exi>eriment8 that are reported from time to time, we are not able to evaluate the 
results or formulate a general principle because we are not given the external growth 
features of the trees before, during and after the treatments. In many cases a careful 
description of the effects of the treatments upon the tree growth would at once suggest 
a rational nutritional btisis for observed results in yield. We often miss the significant 
features of experimental treatments, because yield is used as a main criterion rather 
than a combination of yield along with a detailed description of the changing growth 
responses of the trees under treatment. An experiment in fruit tree nutrition has 
value in a fundamental way only when its influence upon the manufacture, accumula¬ 
tion and use of food materials is known, and is correlated with observable external 
growth responses. 

Pending such a close study and unified attack, we may proceed a long way towards 
our goal by using the small amount of knowledge that we have. An exact knowledge 
of internal conditions is not always necessary to a practical diagnosis. There are certain 
growth features w'hich answer very well for purposes of practice if it is remembered 
that they are not the factors we are looking for, but are an index to certain desirable 
internal conditions of metabolism. 

With a view to extending our knowledge of the internal metabolic features as¬ 
sociated with external growth characters of fruit trees, investigations have been 
initiated at Long Ashton relating to the movement of food reserves in apple trees, and 
in the present paper an account is given of the seasonal cycle of starch in apple trees 
in relation to the observed seasonal growth cycle. 

The seasonal cycle of .starch storage in relation to growth phenomena. 

In previous work upon the healing of wounds in woody stems (1,2) the writer was 
led strongly to the opinion that it was essential to learn much more of the seasonal 
cycle of food reserves in the plant, and of the relation of these fluctuations to such 
well-known growth phenomena as the start and cessation of extension shoot growi^h, 
the initiation of flow^er buds on spurs and on one-year wood, to the “set” of flowers, 
and the initiation of radial grow^th in the stems and roots. 

The seasonal cycle of starch w ithin the woody parts of the tree above ground level 
w^as first investigated. This cycle is briefly as folloAVS. 

It is convenient to commence the description wdth the conditions in January. 
Starch at this time is more or less abundant in all the living cells of the above ground 
parts except the canMum cells and the apical meristems. The medullary ray cells of 
the xylem, the xylem parenchyma, the phloem parenchyma and cortex are particularly 
well filled with starch. 

During February there is a very pronounced disappearance of starch from the 
phloem region of the one- to five-year-old branches. This disappearance is most marked 
and is followed by a complete reappearance of the starch in late February and early 
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March, If the February examinations had been missed the starch disappearance in 
that month would not have been suspected from the March examinations. 

Keferences in the literature showed that many of the quantitative estimations of 
carbohydrates made by the chemical investigators into the carbohydrate reserves in 
apple tissue also showed a marked drop in the “starch” fraction during the January- 
February period. Many of the workers were inclined to relate it to the “cold” of that 
period. There are, however, strong reasons for suggesting that it is a phenomenon 
more deeply rooted in plant economy. It is here suggested that it is a change which is 
associated with the ending of the “rest period.” Beyond this we cannot go at the 
moment but the case is briefly discussed elsewhere(3,4). 

The next major event is the swelling of the terminal and flower buds of the trees 
in spring. Beyond the starch disappearance in February there are no internal changes 
ap^mrent in the starch reserves prior to this bud swelling. This does not mean that 
there are none but that I could observe none. Many things seem to follow closely upon 
bud swelling and breaking. 

At the time when the buds break into leaf or flower the cambium of the younger 
branches is swollen and translucent in appearance. This swollen, turgid, gelatinous, 
translucent appearance of the cambium which is observed subsequent to bud break 
is in marked contrast to the dry whitish appearance during winter. At the “swollen” 
stage of the cambium the bark will “slip” but no new xylem or phloem is being added 
except immediately underneath the terminal expanding buds. As soon as shoot 
growth is really started, starch begins to disappear from the phloem and outer xjdem 
region of the younger shoots. This disappearance begins first under the terminal buds, 
and works basepotally, i.e. the starch disappearance is from above downwards. 
Following this starch disapi)earance doien the stems is the initiation of new xylem. 
The initiation of new xylem is also basepetal. 

Thus, during spring, we have an influence of developing buds upon the disappear¬ 
ance of starch, and the initiation of new xylem formation, an influence which is mani¬ 
fested from above downwards. Due to this basepetal development the initiation of 
new xylem upon the branchless part of the tree trunk is often several weeks later than 
the same phenomenon upon the one-year-old shoots. This downward trend of starch 
disappearance and new^ xylem formation is continued down the bole and out into the 
roots. 

Starch disappears completely during early spring from the one- to three-year-old 
branches but may not be complete from the inner ring of a four-year-old branch or the 
two inner rings of a five-year-old branch and so on. The starch disappearance in almost 
complete from the cortical tissues over the whole tree. Due to the continued starch 
depletion above described, there is a minimum starch content in the wdiole of the tree 
from about the middle to the end of June. At this time shoot extension grow th is very 
rapid and vigorous, and apparently the newdy formed leaves are not yet able to supply 
more food than is being used in the building up of the new' tissues. When the growth 
rate of the extension shoots begins to fall off, starch begins to accumulate again in the 
tissues from w'hich it disappeared in spring, and it does so from above downwards. 
The new starch deposition begins in the new shoots and w’orks down\vards. Similarly, 
radial growth also ceases first in the one-^’ear-shoots and the cessation of radial grow th 
proceeds in a basepetal direction. Thus, of the above-ground parts of the tree, the 
collar region is the last pjirt to lose its starch in spring and is the last part to com- 
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mence radial growth. It is also the last part to be re-stocked with starch in antumn 
and is the last part to cease radial growth. Quite often radial growth may continue 
at the ground level until winter sets in. 

Here one may diverge to raise some of the economic and practical questions that 
touch upon the above facts of plant growth. There is first of all the question of winter 
hardiness. Fortunately this is not one of our main problems here in England, but 
it is a vital question in Canada. Winter injury is found at three main points in 
a tree: 

(1) The crotches; 

(2) The collar region; 

(3) The roots. 

It has been showm above that the collar region of a tree is a region of late growth in 
autumn. {Similarly the crotches are regions of late growth, and it will be shown later 
that the roots are the regions of latest growth of all. Obviously winter injury is found 
in these regions because they are still succulent at the time of the injury. The problem 
of winter injuiy is largely solved by growing varieties that have short growling seasons 
and so cease grow’th early. 

Secondly, there is the question of the differences in behaviour between trees of 
similar make-up growing under similar conditions, except th(‘y have in one case a 
short leg and in the other a long leg—^the differences in fact between the behaviour of 
bush trees and standards. These differences are, no doubt, due in large measure to the 
time taken for the downward trends to reach the roots. 

Finally, there is the relation of the observed starch cycle to the initiation of tlow^er 
buds in apple trees. It has been recently shown(5) that, at Long Ashton, flow’<^r buds 
may be found developing upon spurs of apple trees during early July. In this con¬ 
nection it was stated earlier in this paper that there is a period of minimum starch 
content during the May-June period. Since the factors which iletcrmino flower bud 
formation must be operative long before the anatomical evidences of floral parts are 
visible, we are led to regard the May-June period as critical in flower bud initiation. 
The amount of starch and carbohydrate used in grow th and flowering in spring be¬ 
comes very important, because tlie araoimt of carbohydrate left as an unused residue 
in the tissues at this time may be an important factor in determining flower bud 
formation. The well-known residual effects that are exhibited in fruit trees may be 
associated with the completeness or othenvise of the starch removal in spring. 

There yet remains for discussion the (question of the starcdi cycle and growth 
periodicity of the roots. Unfortunately the study of roots is much more difficult than 
that of stems. During 1927-8 some observations w^ere made upon roots similar to 
those made upon stems and reported above. Hoot material is by experience far more 
variable than stem maU'rial and the difficulty of interpretation is thereby increased. 
However, it is clear that the wave of cainbial activity which moves down the stem 
passes out into the roots, and the period of radial grow'th in the main roots does not 
begin until about August, and from then it may continue until January. The intensity 
of the wave diminishes as it passes outwards, and many cases were observed where it 
never reached the root extremities. 

The starch cycle in roots is difficult to interpret. There are largo differences in the 
amount of starch in different roots of the same tree at the same date. It would appear 
that, in the main, the wave of starch disappearance from the stem is continued out 
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into the roots. Over and above tin's downward dwappmrance there is the appearance 
of a nuioh less intense wave of starch disappearance, which U^f^ins at the root tips and 
works upwards. At some point th(*8e two waves appt'ar to ovt-rlajj. This may bo the 
cause of tlio very variable starch conkmt of the roots as a whol(^ In any case roots 
are rarely found without starch altogctlier, and thi* intt?rproki.ti()ns are made with 
great difficulty. Tlie reappearance of starch in roots is most certainly connected with 
the wave of starch deposition tliat comics down the stem from above. 

The periodicity of new root elongation growth also tends to comf)licatt* the inter¬ 
pretation of the starch content of roots. W<irk at })rcKtuit in hand setuus to show that 
thcrc5 are two main jMuiods of root extension growth. Jn established trees one is in 
spring and starts hefare shoot growth begins. This jwTiod continues until early summer. 
TIio other p(^riod, which is by far tlie more important one, begins about August and 
continues until well into winter. 

] should like at this point to stress the importance from a nutritional point of view 
of these two jx^riods in root growth. One ot^curs bejore and during blossoming and the 
other occurs in late summer and autumn, and is active after leaf fall. Both th(‘se are 
periods when we are normally not doing much in the way of cultural practice. The 
whole (|ueHtion of our present cultural and manurial practice becomes somewhat 
debatable, in view of the periodicity in rof)t growth outlined above. It would seem to 
be one of the next big proldems in the study of fruit tree nutrition. 

It is exceedingly diflicult in so little space to give an adeejuate outline of the 
cycle of tree growth into which we must lit- our inkTpretation of initritional studies 
in fruit trees. Many details are omitted which are interesting and probably irn- 
jiortant. 

The part played by dcvelojiing terminal buds in initiating the cycle of changes in 
starch and cambial growth has been mentioned. By the artificial removal of all the 
buds of a shoot the above changes may b(' preveuk'd. Wiu'u this is done, the shoot 
may rcunain alive for a year or more, but it will remain ‘‘dormant” as far as its stareli 
and eambial conditions are concerned, even if the branch remains attacdied to an 
othenvise normally functioning tret;. 

'Fhis question of kTminal bud dominance peiietrak‘s even farther, for the kind of 
burl that terminates a shoot det(;riniue« tlu; rak‘ and the relative dominance of the 
subsequent activities in the suhtending shoot. Then" is tiifferenee in the sid)seqiient 
growth activities in a shoot depending upon whether it is terminak*d by a ^'egetativc 
or by a liower bud. Vegetative l>uds, in c<tmjxtri8on iinth power bud'^^ arc follow^ed by 
a less rapid and eomplek; st arch disap|xviranco and a much earlitT and moit' vigorous 
development i>f new xylem. Flo>ver buds, on the other hand, initiate a very vigorous 
and pronounced starch disappearance from tla* steins, whik; new' xylem formation is 
very tardy. 

The drain upon the starch reserves of a spur and of a w hole tree caused by liower 
bearing is quite surprising. When flowering is followed by “setting” and the develop¬ 
ment of a fruit, even if it is only to the “June drop” jx'riod, tlie drain upon starch and 
carbohydrate reserves generally is very much inoreascKi. I^ooked at in krms of total 
tree performance, a heavy blossoming makes a very heavy demand upon carbohydrate 
reserves, and at the end of the blooming period the supply is very seriously depleted. 
This is quite apart from whether the blossoms “set” or not. The extent of the depletion 
of carbohydrates by excessive blossoming is, I thuik, not generally realised. 

Ann. Biol, xvit 


44 



686 Proceedings of the Associalion of Economic Biologists 

It was indicated earlier that the main objective at the moment in our work is the 
establishment of diagnostic growth features, so that we can use these as a guide to 
practice. 

In a study of the leaf area of biennial bearing apple trees a few years ago, the writer 
had occasion to outline and measure as a consecutive series the leaves developed on 
spurs and current year's extension shoots. In both cases it was foimd that the leaves 
passed through a regular change in shape from the oldest to the yoiuigest. It was 
found that the leaves passed from a rounded leaf at the base to an elongated spearhead¬ 
shaped leaf at the tip. This change in shape was not understood for some time. The 
clue to its meaning w’as giA cn by some unpublished work of Dr Pearsall of Leeds 
University, who was investigating the effect of nitrogen supply upon kjaf form in Acer, 
He showed that plants grown under conditions of high nitrogen supply had rounded 
loaves, whereas under conditions of low nitrogen supply the leaves were long and 
narrow. 

'J'hc leaf shapes shown by Dr Pearsall correspond to those found at the base and 
tip of the current g ear's growth in apple trees at Long Ashton, l^ho investigations into 
the seasonal cycle of starch in apple trees reported hi this i)aper show that the last 
formed leaves of the year arc produced under conditions of Jiigh carbohydrate hi the 
stems. In view of the esteblished relation between carbohydrate and nitrogen in plant 
tissues, it may b<' safely assumed that thecae last formed leaves are produced under 
conditions of low nitrogen. I'heir leaf shape confirms this assumption. During the 
past two years careful observations have been made. IVt'cs which we have every 
reason to suspect are ’‘high carboliydratc, low' nitrogem” trees have long narrow leaves 
for the jicirticular variety^ while ‘‘high nitrogen’* trees have decidedly rounded leaves. 
In the matter of nitrogen sujiply, tliereforc, we have here a diagnostic feature of 
consi(l(^^able value and importance. 

Applied plant physiology is a promising field for study, and is (tapable of giving 
data from which diagnostic features in plant nutrition may be d(‘velopcd, i)articularly 
wdu're the work may be carrk'd out simultaiu^ously with ch(unical investigations in 
the laboratory. What wt need urgently at the moimuit is more attention paid te the 
recording and quuJitative analysis of the kind of growth that accompanies a given sot 
of environmental conditions, and the correlation of these with chemical data. It is 
only by a closer correlation of internal conditions with external growth charac.ters 
that we can hope to direct the growth activity of fruit trees towards the most desirable 
ends. 
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REVIEWS 

The Oligochaeta, By J. STEPjfENsoN, M.B., D.Sc., formerly l^rofesHor of 
Zoology in Government College, Lahore, and in the University of the 
Panjab, and Lecturer in Zoology in the University of Kdinburgh. 
Pp. xvi -f 978, with 242 illustrations. Oxford: Clarendon Press, 19:h). 
()0.v. net. 

Dr Stephenson, wlio has for the last twenty-three years been a most aetive in¬ 
vestigator of the (Jligoohaeta, fame to the preparation of this work with a thorough 
grasp of the practicaJ sulo of his siibjectr—for he has examined some thousands of 
specimens- and with an intimate knowledge of the litcTatnre of the Oligochaeta, and 
the result is a masterly monograph from the same Press which fJiirty-fiv^e years ago 
issued Beddard's Movograph of the. Order Otigochietn. 

The book is composed of twenty chapters, a bibliography, a subject index and a 
systematic index. 

The opening chapter gives a. brief account, of the external h’aturcs, beginning with 
the size—^some of the acpiatic forms, species of AenJosomn and (haelogaster^ are nol^ 
more than a millimetre long, but examples of the giant earthworm (Mega^coHdes 
aufitralis) of (lippsland have recently b(*en recorded by Mr Chark^s Barrett tliat were 
nine and evtui eleven f(‘et long when alive. The various forms of prostomium, the 
segmentation, external apertures, iditelliim, etc.., are deseribed. 

The second chaptcT is devoted to a consideration of the luxiv wall—^th(' epidermis 
and its different types of cells, the S(*tae and their glands, tlie details of stru(‘tiire and 
arrangement of tlie museulatur(\ the ec)nnec‘t.ive tissue in the (‘ells of w^hieh are the 
problemati(!al bacteroids, and the pignu'ntation. Tliis leads to an account, of the 
(X)elom and its subdivisions, the various peritoneal organs and tlie coelomic (‘orpuscl(\s. 
('areful attention is given to the functions of the chloragogen cells; it is generally 
agnH'd these ct‘lls abstract waste mattcT from the blood, and the evidence that they 
also act as storehouses for nutri(*ni reserves is presented. 

The comparative account of the alimentary canal is a particularly good piece of 
work. Here tlu; reader will find a critical summary of the various vi('ws ujion the 
structure, relations and functions of the chromophil cells, the peptonephridia, and the 
caJeiferous glands, whit'h an* held to lie folds of the oesophagc'al epitlu'liuni and there¬ 
fore not of mesodermal origin. Attention is dirt*cted to the atrophy of the alimentary 
tra(*t in sexual examples of certain Naididae; such atrophy is not due to pressure of 
the genital prodiu'ts, lus an examination of sections show's, and it oireurs over a nion* 
extensive region than that occupied by the genital organs. The author suggt'sts that, 
as the attainment of sexual maturity in tlieae species marks tlu‘ end of the individuars 
life, the material of the alimentary canal, lieing no longer of use, is in some w'ay brought 
into solution and added to the reserves of the ova. 

The following chapter on the vascular system (‘ontains an account of the anatomy 
of the vessels in Lumbricu^ followed by a comparative consideration of each group of 
vessels in the Oligochaeta, and of their histology. In an interesting section on the 
evolution of the vascular system the author outlines the vi(‘ws of Lang (the trophocoel 
theory), that the main vessels are specialisations of a common perienteric sinus and 
that their positions ore determined by tlie places in w4iich the neighbouring w alls of 
the coelomic chambers come together, and then points out how Vejdovsky’s conclusions 
differ from Lang’s. The stages of evolution are iilii8tratt*d in many of the less specialised 
Oligochaeta, e.g. in Aeolosonia the intestinal network (sinus) is in bulk as well as in 
physiological importance the chief part of the system. 
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The chapter on respiration gives a clear account of the mechanisms of respiratory 
interchange through the body wall—which may or may not have networks or loops 
of blood vessels—or by the agency of gills which are present in half a dozen genera, 
and describes the phenomenon of intestinal respiration which is met with in certain 
aquatic Oligochaeta (Naididae, Tubificidae, Aeolosonia). 

The account of the excretory system is prefaced by a description of the anatomy 
and histology of the nephridium of the Lumbricidae. The half dozen main types of 
nephridia found in the Oligochaeta are then considered, and there follow a systematic 
account of the nephridia in t)ic several families, a r68um6 of the processes of excretion 
and a brief note on the evolution of the nephridial system within the Oligochaeta. The 
whole chapter is a masterly exposition of a difficult subject. 

The following chapter on the nervous system includes accounts of its anatomy and 
histology, the relations of the different neurones to each other, the giant nerve cells 
and fibres, the physiology of the nervous system in rc'lation to the various modes of 
locomotion, and a short note on the psychology of earthworms. The next chapter is 
devoted to the sense organs among which are the photo-receptor cells. 

Tlic longest chapter in the anatomical part is one of 115 pagers on the gonads, their 
ducts and associated glands, the spermatheeac, the sperniatophores, the modificni 
genital setae and the clitellum. This is by far the best comparative account available 
of the complex reproductive apparatus of this Order. The following chapter deals with 
spermatogenesis, oogenesis, fertilisation, copulation and ovi|>o8ition. 

In Chapters xii and xtii the author has given a critical digest of present knowledge 
of the embryology and of asexual reproduction. In Chapter xiv are recorded the (5hief 
anomalies of structure and malformations which have been met with, e.g. bifurcation 
of one or both ends, and the next chaptcT summarises the mass of literature on 
generation and transplantation—for the earthw'orms have been extensively employed 
in exp(^rimental investigations on these subjects. The author refers to the bearing of 
some of the results on tlie germ-layer theory; for instance, that in earthworms tlien* 
appears to be a difference between the ontogenetic and regenerative processes, the 
pharynx being of (ectodermal origin in ontogeny but cndodcrmal in regeneration. 

The chapter on the oecology and mamier of life of the ()ligochiw‘ta contains a 
selection of the most interesting observations on these' subjects by the writers of the 
last thirty years. One of the striking references is to the v(^ry small oxygen n'quire- 
monts of some of the aquatic Oligochaeta—Tubifieids are ai)undajit in the I'hanu's 
mud below I^ndon, and a spcc'if^s of Lwinmlrifus occurs in Peoria Lake (near Chicago), 
which contains a large? amount of organic matter from the packing facjtories, where the 
dissolved oxygen was under one part in a million. Reference is made to the castings 
voided by earthworms, and to the fact that the ajx^xture of thi? same burrow is used 
for this purpose for a considerable time and hence castings of large size are formed. 
The largest found by Darwin at Down weighed nearly 4oz.; a casting of Notoscolex 
hirmmicMs in Burma is recorded as being 150 mm. high and w^cighing SJ lb. The number 
of earthworms in the soil apjjcars to be considerably greater than the figure given by 
Darwin—quoting Hensen—53,767 per acre', ‘*but this figure- -less than 30 pt^r sepiare 
metre—^seems to be very small.” There is a misUike here'^—the niimlwr statt>d would 
be equivalent to less than 14 p('r sepiare metre. Bretsoh(?r, who made obseTvations 
on various kinds of ground ne?ar Zurich, found in a garden 3(W) Lumbricidae pcir square 
metre, in a fir wood 120, in a meadow 7(X), and in an orchard 720. The Enchyt raeids 
in the same places were r(?spectiv«?ly 5<KK), 8(K)0, 8000 and 1650 per square metre. 

The author records a number of instances where Enchytnu*ids were found in 
damaged roots of celery, cabbage, straw'berrry, and in tulu^rs and bulbs, btit the worms 
were probably not the priniary cause of the damage, indeed they appear in some cases 
to bring about the destruction of some of the Nematodes which attack roots of field 
and garden plants. 

The section on the parasites of Oligochaeta includes an account of Dr Keilin’s 
work on the parasitisation of Allolohopfu/ra chUjroiim by the larvae of the cluster fly— 
Pollenia rvdis —and the statement is jwided on the authority of Prof. Oockerell that 
this fly has become abundant in C^olorado since European earthworms wore brought 
in with plants, and in places is now a veritable plague. 
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In the excellent chapter on geographical distribution are set forth the arguments 
of Mioliaelsen and of Benham, regarding the value of the evidence afforded by the 
distribution of the Acanthcxlriline worms concerning the former existence of a more 
extensive antarctic continent. The author adds his own careful deductions on the 
bearing of the facts of geographical distribution on the former existence of Indo- 
Australian and other land-bridges. 

The discussion of the phylogeny and afl&nities of Oligochaeta is interesting for the 
views expressed on the close relationship of Oligochaeta and leeches, on convergence 
and on polyphyly. 

The systematic chapter—^a couple of hundred pages—opens with a scheme of 
classification into fourteen families for each of which is given a concise definition, with 
a note of the distribution and observations on the chief structural features. The author 
has restricted the further systematic consideration to the genera—about 120—for 
each of which a definition, reference to its distribution and a note of the number of 
species are given. I'he number of species of Oligochaeta now known is about 2400, 
twice as many as were loiown in 19(K1, and a critical revision of them was not possible. 
The author makes a strong plea in the preface for careful identification of specimens 
employed in research. As he points out, it is useless to refer to a specimen as “th<' 
earthwortn ” for in Britain there are nearly forty species of earthworms belonging to 
eight geiKjra. The expression “the common earthworm” is meaningless, for what is 
the common species in one locality is not so in another, and “the common earthworm, 
Jyiiwimcus terref^ris"* is for many parts of the country fallacious. The author states 
that in his experience of earthworms from the Edinburgh area, L. ierreMris stands 
third in order of frequency, being preceded by two species of Alhlobophora —a fact 
which the reviewer confirms as the result of some twenty years* exptirience in the 
collection and examination of species for class work. 

The bibliography of more than 1000 pajK^rs includes the more important works 
down to October 1928 and a few more re(;ently issued. Only about 80 bear date 
previous to 3 895, the author rightly considering that the piipcrs of an earlier date had 
been dealt with by Beddard or that the 8ubj(*ets of which they treat had l:K^en 
re-investigated by newer methods. 

The 242 illustrations have been carefully chosen and are well reproduced, and 
nearly all arcs from recent memoirs. 

The book appears to be (uitirely free fronj misprints—a testimony to the meticulous 
care of the author. 

The preparation of this monograph represents a large amount of detailed work and 
critical consideration and is altogether a fine aehievtunent on which the author is to be 
most heartily congratulated. The volume will undt>ubtedly lx* the authoritative^ work 
of reference on the Order for many years; it is eminently satisfactory alike in its 
treatment of detail and in its bretidth of view. 

J. H. ASHWOfiTH. 

Organic Chemistry in Biology and Mcdicim\ By Georce Haroer. 
McGraw-Hill J^iblishiug Company, Limited. 

In these days of specialisation, when organic chemistry is no longer iiK'rely the 
chemistry of organic substances, it is refreshing to rcad a book by one who, although 
primarily an organic chemist, has invariably given the biological applications of his 
subject the attention which they deserve. A book such as this will do much to pre¬ 
vent the widening of the gap between organic chemistry and the biological scientjcs. 

The choice of subjects is a particularly happy one. Chapters on tlu* chemistry of 
the hormones and vitamins, chemical constitution and physiological action, and 
chemotherapy will be of equal interest to the chemist and the physiologist. The chapter 
on the hormones is perhaps somewhat unbalanced. Apart from a short introduction, 
this section deals exclusively with adrenaline and thyroxine. A short account of some 
of the recent chemical work on insulin would not have been out of place. In the 
chapter on chemical constitution and physiological action, the author provides an 



690 


Reviews 


excellent summarised account of much of his own classic work on the natural bases. 
Such a chapter, as well as the following one on chemotherapy, would be welcome 
additions to many of the somewhat incomplete textbooks of biochemistry. 

Not the least of the many attractions of this volume is the author’s easy style of 
writing which makes its perusal a pleasure rather than a labour. Beijig based upon a 
series of lectures delivered at Cornell University, the cold impersonal atmosphere of 
the average scientific textbook is replacied by the more personal atmosphere of the 
lecture room. 

G. F. MARRTAN. 

Studies of the Sirex Parasites. By B. N. Crrystal, Hon. M.A., D.Sc. 
(Edin.). Oxford Forestry Memoirs, No. 11, 1930. Pp. C3, with 10 
plates and 7 text-figures. Oxford: at the Clarendon Press. Price 5.<f. 

This wdl-produccd memoir is the outcome of investigations made, in the first 
instance, in co-operation with the ParasiU* Ijaboratory of the Imperial Bureau of 
Kntomology, at Farnham Koyal. The object w'as to study the parasites of wood- 
Wiisps (>SVrc.r), and more particularly the Ichneumon Jthi/Msa In con¬ 

junction with J)r J. G. Myers the latter partisite and its Strex host were investigated 
as completely as jmssiblc, with tlic intention of applying the knowledge so gained to 
the biological control of in plantations in New Zealand. The result has been to 
ship large numl)cra of the Jthyf<m to that (50untry, in order to attempt their colonisation 
in arenas aff(*cted by the wood-wasps. A second sjH^cics of panisite, namely Jhdlia 
Jewosjiaides^ also attacks th(‘ and the present memoir is largely based upon rc?- 

searches (*arri(Hl out on this insect at the Fon^stry Institute at Oxford, during the past 
three years. Until this study was undertaken little was knowTi of th<? biology of any 
species of Jhalia, and for the most twirf/ they have b(‘cn regarded fis rare insec^ts. 
Or (/hrystal, however, hius discoveretl the sjwcies I. /emuspoide*^ in comparative 
abundance^ in certain suitable English localities, frequented by its host Snex cijaneus, 
and obtained sufficient material to investigate its morphology and biology to a wry 
full degree. His account forms one of the most complete studies available of any in¬ 
dividual species of Hymenopterous parasite, and the memoir for this n^asoii is one of 
specual interest to all entomologists interested in problems of biological control. 

It appears that the Thalia oviposits in the egg-funnels drilhd by the female Sirex 
in solid wood. It inserts its ovipositor deep down until it finds a host larva within 
which it deposits its egg. As a rule, only a singk* egg of the Hmhn is deposited in each 
host, but in some cases two or more may oc(?ur. The first instar larva is unique among 
the Cynipf)idea in being of the polypcxl typi\ with twelve pairs of trunk appendages 
and a definite caudal prolongation. No other member of the group is known to funerge 
from the egg in this phase, and the discovery is one of considerable biological interest. 
It issues surrounded by a trophamnion, an<l aft<*r tliis membrane has btxm shed the 
remains can be easily found among the tissues of the host hirva. In its seciond and 
lateT instars the form of the ThaHa larva is greatly altered, since the segmental ap¬ 
pendages are totally lost, and the caudal prolongation betjomes progressively redue(*d 
to a small rudiment. The duration of the whole larval period of the parjisite extends 
for the exceptionally long period of three years, and for almost two-thirds of this time 
it is living within the body of its host. 

Dr (’hrystal discusses the relationship of Ihalia and the Rhyssa parasite previously 
alluded to. He advances evidence whitdi indicate.8 that individual Sirex^ parasitised 
by Thalia, are also liable to be parasitised by Rhyssa, and for this reason it is believed 
that when the latter insect is abundant the I Mia will only occur sparingly. Whether 
it is advisable to introduce Jhalia, as w^ell as Rhysm, into New Zealand is doubtful, 
and more data are necessary before any definite decision is reached upon this important 
practical pro|:)osition. It is only possible in this short notice to call attention to certain 
interesting points in this memoir, and we congratulate its author on the production 
of a most painstaking and interesting contribution to our knowdedge of parasitic 
Hymenopt(Ta. 


A. D. IMMS. 
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Introduction. 

The name of Streak Disease has been used to designate a characteristic 
chlorotic condition which has been observed in South Africa in a number 
of species of plants of the family Gramineae. The evidence, which has 
been published in several papers dealing with its occurrence and behaviour 
in maize (Zexi mays L.)(ii,i3) and in varieties of sugar cane {Saccharum 
spp.) (10), suggests that it belongs to the group of virus diseases. In these 
papers it was shown that the leafhopper, Ciauhdina (Baldatha) mbila 
Naude(2), was capable of transmitting the disease from affected plants of 
each species to healthy plants of the same species; that is, that this insect 
Ann. Biol, xvn 45 
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might transfer the disease from affected maize to healthy maize and from 
affected cane to healthy cane. Furthermore, as we show in this paper 
(see Appendix), there is a strong probability that this species is the only 
vector of streak disease in South Africa. 

Upon the evidence up to this point it might well be assumed that a 
single virus was the cause of streak disease in both maize and sugar cane. 
We now describe our attempts to transmit the disease from one species 
to the other, in the course of which the expected results were not obtained. 
The virus from maize, as usually found in the field, caused only a transi¬ 
tory infection of sugar cane, from which the plant subsequently recovered. 
The virus from sugar cane produced in maize a permanent but mild form 
of streak disease. The passage of each virus through the second host plant 
produced no apparent change in its virulence to the original host plant. 
We conclude that the virus of maize streak and the virus of cane streak 
are not identical. 

We have studied, furthermore, the transmission of streak disease to 
and from certain wild grasses. While our results are in some respects 
puzzling, they again demonstrate the differential effect of the maize and 
the cane viruses: they suggest, but by no means conclusively, that there 
may be streak viruses specialised to these hosts. 

Finally we have studied the infection by this disease of the can(*. 
variety P.O.J. 213, hitherto regarded as immune(lO). While even more 
puzzling complications have been met with in this work, our evidence is 
perhaps of value as affording insight into the behaviour of a virus in a 
plant having a very high resistance to its effects. 

We had hoped to press these investigations to some more definite con¬ 
clusion. But a hailstorm of great violence in June 1929 reduced our Durban 
greenhouses to ruins, and destroyed all experimental plants and insect 
cultures. The time seemed appropriate, therefore, for a progress report. 

These studies have been carried out during the period I924--9. For 
those relating to the transmission between maize and Uba cane, H. H. 
Storey is mainly responsible^; while A. P. D. McOlean has taken the main 
part in the later studies of wild grasses and P.O.J. 213. We make ac¬ 
knowledgment to Dr I. B. Pole Evans, Chief of the Division of Plant 
Industry, Union of South Africa; to Mr R. F. W, Nichols, who has taken 
an important part in the manipulation of experiments, and to Field 
Inspectors J. S. Mackay and C. E. Levett for assistance in various stages 
of the work. 

^ This portion of the work formed a part of a thesis accepted by the University of Cam¬ 
bridge for the degree of Doctor of Philosophy. 
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Experimental methods. 

We have been able to find no method for the transmission of the streak 
virus except by using C. mbila as a vector. Consequently in all the trans¬ 
mission experiments described in this paper this insect has taken an 
essential part. While the breeding and manipulation of an insect vector 
have involved much labour and consumed much time, the use of the small 
leaf-cage method permitted a reasonable replication of experiments 
within the space at our disposal. Our technique has been described in 
earlier papers (ii, 13). Where a group of leafhoppers was under test, they 
were confined in a glass tube, about 8 in. long by 1 in. diameter, which 
was arranged to enclose the tip of a leaf. Single hoppers were usually 
manipulated in small glass tubes clipped on to the leaf. In certain ex¬ 
periments with grasses it was found convenient to cover the whole plant 
with a glass lamp chimney, after the manner illustrated by Kunkel(-^)). 
All experiments were performed in a greenhouse with gauze protected 
ventilators, and the precautions against insect infestation, described in 
an earlier paper (13), were observed. 

Plants of maize, of the variety Hickory King, and of the grass species, 
were raised from seed within the gauzed greenhouse. In all cases an 
approximately equal number of control plants from the same sowing was 
retained alongside those under experiment; records of these controls have 
usually been omitted from this report, except where a control plant be¬ 
came diseased. The cane w^as raised from setts cut in a field showing a 
very low proportion of streak-diseased plants, and in all the later work 
control setts were cut from the same sticks as those which provided the 
experimental plants. 

Streak disease in maize and sugar cane. 

The starting point of these studies has been the disease as it occurs in 
each host in the field. Thus, in the beginning, our maize streak virus was 
taken from a naturally streaked maize plant; and since our usual pro¬ 
cedure was to employ, as the source of infection for each experiment, the 
plants which had become diseased in an earlier experiment, in the main 
we were probably using in our earlier work a single strain of virus. When, 
in the course of our work upon transmission between maize and cane, it 
became evident that a maize plant might be carrying at one time more 
than one virus, we adopted the following procedure to ensure the purity 
of the maize virus with which we were experimenting. Maize seedlings 
were subjected to infection by hoppers which had obtained the virus 

46—2 
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from maize. Now one of us has shown(i3) that hoppers obtain the virus 
readily only from the actual chlorotic areas of the maize leaf; further¬ 
more, we have observed that the period elapsing between the infection 
of a maize plant and the first appearance of streak signs is shorter with 
the more virulent virus from maize than with the mild virus from cane. 
Consequently the first spots to appear in an infected plant were likely to 
contain only the most virulent virus. On these spots, therefore, new non- 
infective hoppers were allowed to feed, and these in turn then infected 
new plants. By repeating this process several times, we hoped to isolate 
a virus highly virulent to maize, uncontaminated by any other virus less 
virulent to maize, but possibly more virulent to other species of plants. 

Streak virus of cane was obtained from the appropriate variety of cane 
naturally infected in the field without any special precautions. 

The streak virits from maize. 

This disease, with its pronounced and characteristic signs of parallel 
broken chlorotic stripes upon the maize leaf (Plate XL, fig. 2, and 
Plate XLIII, fig. 12), has been previously described, and its transmission 
by C. mbila demonstrated (ii). A large number of experiments (13) has 
since confirmed the ability of this leafhopper to acquire the virus by 
feeding on diseased maize and to transmit it to healthy maize plants, 
with the production of normal symptoms. 

Following the glass-tube method of experiment, attempts were made 
to transmit streak from maize to the Uba variety of sugar cane. In pre¬ 
liminary trials, of twenty-one plants exposed to the feeding of hoppers 
known to be infective to maize, one became diseased. Since, however, 
the previous history of the hoppers used in this one experiment was un¬ 
certain, and it is possible that they had fed at some time upon diseased 
cane, the result is not considered to be significant. Later experiments, 
in which hoppers bred from eggs under controlled conditions were alone 
used, failed to give any permanent infections of cane. The results given 
in detail in Table I show that all of the thirty-six plants in four separate 
experiments resisted permanent infection by the maize virus. One of these 
experiments, on November 5th, 1925, was run in parallel and under 
identical conditions with a successful experiment in transmission from 
cane to cane. (See experiment of November 5th, 1925, in Table II.) The 
observations recorded in the last column of Table I will be considered 
later. 

Since it was conceivable that the tube technique hindered in some 
way the transmission from maize to cane, an experiment was started in 
a large cage arranged to reproduce as nearly as possible the conditiona 
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holding in the field. This cage, about 8 ft. cube, of fine wire gauze, con¬ 
tained forty-eight Uba cane plants and seventy-two maize seedlings. On 
September 24th, 1925, two streak-diseased maize plants were introduced, 
bearing many leafhoppers in different stages of development. All the 
healthy maize seedlings became streak diseased, and after 60 days they 
were cut off and left to dry among the cane plants. Later, very many 
hoppers, adult and immature, were to be seen feeding upon every cane 
plant. On the 75th day, twelve adult hoppers were removed for a test, 
and of these hoppers five individuals were infective to maize. Meanwhile 
the cane plants had remained healthy, except that a few had shown one 
or several streak markings without any later full development of the 
disease; at the conclusion of the experiment, 240 days from the start, all 
cane plants bore young leaves which were entirely free from streak signs. 
More severe conditions for streak infection than this experiment afforded 
could hardly be conceived. Furthermore, a later experiment showed that 
the experimental technique was indeed favourable to streak infection of 
cane, provided that a suitably virulent virus was available. Here the 
source of infection was diseased Uba cane; within 4 months streak had 
appeared in two out of four healthy Uba plants, in four out of five plants 
of the cane variety CH 64/21 and in all of seven plants of the variety 
Merthi. 

Table L 

The maize virus—Transmission to cane. 


Hoppers, in different stages of development, bred on diseased maize, fed 
for 12-30 days in glass tubes on leaves of cane plants. 



No. of 



No. of 



hoppers 

Period of 

No. of 

plants per< 



in each 

observation 

plants 

manently 


Date 

tube 

(days) 

tested 

infected 

Remarks 

6. iv. 25 

4 

05 

6 

Nil 


5. xi. 25 

4 

61 

12 

Nil 

(2 developed a few streaks 
\ 6 doubtful streaks 


Controls 

61 

12 

NU 

No streaks developed 
"4 developed streaks 

1 plant which developed a 






few streaks (from which 

6. V. 26 

12 

100 

14 

NU « 

, the disease was trans¬ 
ferred to maize) was kept 
under observation for 220 






V. days and was still healthy 


Controls 

100 

16 

Nil 

No streaks developed 
•'3 developed a few streaks. 





1 

1 Later 2 cut back and 

28. vii. 27 

60 to 100 

340 

4 

Nil 1 

allowed to ratoon. No re¬ 
currence of streaking at 

1 any stage 


Controls 

340 

4 

Nil 

No streaks developed 
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Similar failures were encountered in an experiment in the transmission 
of maize streak to Uba cane which was growing under normal conditions 
in the field^. Tubes, each containing twelve hoppers bred on diseased 
maize, were placed on leaves of Uba cane plants in a field which was 
almost free from streak disease. Of eight plants so treated all remained 
healthy and ratoons from the same stools were still healthy 15 months 
later. In a parallel experiment, hoppers which had been bred on diseased 
cane infected three plants out of eight. Adjacent uninoculated plants 
remained healthy during the period of observation. 

During the course of the experiments in transfer of the maize virus 
to Uba cane, we frequently observed in the young leaves of the cane 
plants one or rarely several large isolated chlorotic spots or streaks (see 
the last column of Table I). Plate XL, fig. 1, is from a photograph of a 
typical streak in a leaf of a Uba plant from one of these experiments. 
Usually these streaks appeared in 2 to 3 weeks after exposure to infection; 
and subsequently healthy leaves only were produced up to the end of the 
period of observation, varying from 61 to 340 days. No control plant ever 
showed any leaf markings of the kind seen in the inoculated plants. 

The presence of the virus within these chlorotic areas was demon¬ 
strated by feeding uninfective hoppers upon the areas. Of twenty-one 
hoppers so fed and subsequently tested individually upon maize seedlings, 
seven produced the typical maize disease. Attempts to infect cane plants 
by means of three survivors of the above seven infective hoppers failed. 
Hoppers, bred upon a maize seedling which had been infected by one 
of the above seven hoppers, failed, when in groups of sixteen, to infect 
either of two cane plants. These experiments, therefore, give no indication 
that the virulence of the maize virus to cane had been enhanced by passage 
through cane. 

We have not overlooked the possibility that these plants, which had 
shown an apparently transitory infection, might nevertheless continue 
to harbour the virus, and might at some later stage of growth develop 
streak disease in its full manifestation. Indeed in the P.O.J. 213 variety 
of sugar cane we observed a recurrence of streak disease in a plant which 
we had supposed to have recovered, as will be described hereafter. For 
this reason we retained in the greenhouse the plants of one experiment 
for as long as 340 days, and some of these plants were during this period 
cut back and allowed to ratoon. Nevertheless, no recurrence of streak 
signs was ever observed. 

^ At the Sugar Experiment Station, Mt Edgecombe, Natal, by kind permission of the 
Director. 
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Furthermore, we have attempted to determine whether the virus of 
maize streak may continue to exist in these cane plants which have re¬ 
covered. A large number of non-infective hoppers was fed for 30 days 
on a Uba plant which had developed one clear streak in an experiment 
shown in Table I; this group of hoppers subsequently failed to infect 
either of two maize plants upon which it fed in successive tests. This 
evidence, however, is not conclusive. For if the virus was indeed present 
in the plant it is improbable that it would be in a form, or in a position, 
where it might be taken up by feeding hoppers; since one of us has 
shown (13) that, in maize streak, hoppers only rarely, if ever, obtain virus 
from the green parts even of a fully streaked leaf. 

Tlie streak virus from sugar cane. 

The disease in the Vha variety. The appearance of streak disease in 
Uba cane as it occurs in the field in Natal has been already described (lO). 
The symptoms generally resemble those of streak in maize except that 
the chlorotic areas are narrower and more sparsely distributed upon the 
leaf surface (Plate XL, fig. 4). 

An earlier paper (lO) described preliminary experiments in which 
infection of five Uba cane plants out of nine resulted from the feed¬ 
ing individually of leafhoppers of the species C. mbila, which had 
been collected upon diseased cane in the field. Subsequent experi¬ 
ments confirmed this result, seven positives resulting in twenty-seven 
trials. 

Similar positive results were obtained when hoppers, w^hich had been 
bred from the egg and allowed to feed for varying periods on diseased 
Uba cane plants, were tested upon healthy cane plants. Groups of four 
to six of these hoppers infected fourteen out of twenty-two plants 
(Table II), In all these experiments the first chlorotic streaks appeared 
after 2 to 3 weeks; thereafter the frequency of streaking increased as new 
leaves unfolded, until the young leaves were indistinguishable from those 
of a naturally streaked plant. Frequently secondary shoots appeared 
also fully streaked. 

Experiments under field conditions in which hoppers carrying the 
cane virus infected three out of eight cane plants have already been noted. 

When hoppers, which were capable of infecting sugar cane, were 
allowed to feed upon maize, they usually produced in the maize a disease 
resembling in its signs streak in cane; that is, the chlorotic areas were 
narrower and more sparsely distributed than in a normal maize streak 
infection. The difference was pronounced and admitted of no confusion 
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(Plate XL, figs. 2, 3). Nevertheless, the chlorotic areas differed only in 
size and were otherwise similar (Plate XLIII, figs. 12, 13). 

Table II. 

The cane wm—Transmission to cane. 

Hoppers, either hatched and reai*ed on diseased cane, or bred on healthy maize and fed for 
a period on diseased Uba cane. Then fed for 12-14 days in groups by glass-tube method 
on leaves of healthy Uba cane plants. 



No. of 

Period of 

No. of 

No. of 


hoppers in 

observation 

plants 

plants 

Date 

each tube 

(days) 

tested 

infected 

5. xi. 25 

4 

61 

12 

7 


Controls 

01 

12 

Nil 

23. ix. 26 

6 

35 

6 

5 


Controls 

36 

3 

Nil 

14. ii. 29 

6 

81 

4 

2 


Controls 

81 

4 

Nil 


We have satisfied ourselves that the differences here observed have 
not been due merely to constitutional differences in the individual plants 
used in the experiments for the differences in manifestation in the in¬ 
fected maize seedlings have been consistently maintained during trans¬ 
mission by leafhoppers. One hopper, originally collected upon diseased 
cane, lived for 6 months in our experiments, being transferred to four cane 
plants, of which two became diseased, and to five maize plants, of which 
three became diseased. The signs in all three maize plants were of the 
sparse type. Of forty hoppers, bred from the egg on streak-diseased Uba 
cane, six infected maize seedlings when tested singly. The disease in all 
six plants was of the sparse type. Eleven hoppers, collected upon diseased 
cane in the field, which had caused infection of cane in the experiments 
already mentioned were tested on maize; nine gave sparse infections and 
two the severe maize type of infection. These two hoppers, however, 
might have fed at some time upon streak-diseased maize which was grow¬ 
ing alongside the cane; for, as we shall show later, it is possible for an 
insect to carry both viruses simultaneously. 

As a maize plant infected with the cane virus grew, the new leaves 
produced bore progressively more sparse streaking until frequently the 
youngest would bear but few streaks. In no instance, however, could 
it be said that the plant within the period of observation allo^ved by a 
short-lived annual had made a recovery from the disease. A similar 
tendency towards suppression of symptoms has been observed exception¬ 
ally in maize affected with the maize virus; but in the most pronounced 
case observed, the resulting sparseness of the streaking did not reach that 
of a cane virus infection, nor were the streaks of the same narrow width. 
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The signs of the cane virus in maize are often so insignificant that they 
would escape notice normally in the field. We have, however, observed 
this sparsely streaked condition in maize planted alongside streak- 
diseased Uba cane. 

The incubation of the cane virus was longer in the maize plant than 
that of the maize virus under similar conditions. In parallel experiments, 
the first signs produced by the maize virus appeared on the 8th day, while 
those of the cane virus appeared in two plants in 12 days and the average 
for six plants was 17 days. 

The passage of the cane virus through maize has, in our experiments, 
produced no increase in its virulence to maize. In a serial experiment the 
cane virus was passed through six series of maize plants, the most 
“severely'’ affected plant of each series being used as the source of in¬ 
fection for the next series (Table III). The later series showed no more 
severe symptoms on the average than the second series (Plate XL, fig. 3). 

Table III. 

The cane viras—Serial transmission throngh maize. 

In each series (except the first) a number of uninfectivo hoppers were fed for about 7 days 
upon the relative plant acting as source of infection. Hoppers then tested singly on 
maize seedlings. 




No. of hoppers 
tested singly 

No. of maize 

Series 

Source of infection 

on maize 

plants infected 

1st 

Diseased cane in field 
(hopper collected) 

1 

1 

2nd 

19. V. 25 

Diseased maize plant in 

Ist series 

7 

4 

3rd 

11, vii. 25 

Most “severe” plant of 

2nd series 

9 

5 

4lh 

4. ix. 25 

Most “severe” plant of 

3rd series 

12 

6* 

5th 

20. X. 25 

Most “severe” plant of 

4th series 

11 

5 

6th 

14. xii. 25 

Most “severe” plant of 

5th series 

9 

4 


* One control plant became diseased at a late stage in this experiment. 

In the passage of the cane virus through maize its virulence to cane 
is not lost. Hoppers were fed for 26 days upon a maize plant, which had 
been experimentally infected from Uba cane and was showing the 
typical sparse signs. These hoppers then fed in groups of five upon ten 
Uba cane plants, of which six developed streak disease. Eight control 
cane plants remained all healthy. 

The infection of a maize plant with the cane virus does not hinder its 
infection later with the maize virus. A maize plant, infected from cane 
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and showing the typical sparse disease, was subjected to the feeding of a 
hopper bearing the maize virus. In the expected period the large streaks 
of a normal maize infection began to appear upon young leaves which 
were already bearing the fine streaks of the cane disease. At a later stage 
the young leaves bore the full signs of the maize disease, masking com¬ 
pletely the signs of the previous infection by the cane virus. Plate XLI, 
fig. 6, depicts successive alternate leaves from this plant, showing the 
lower leaf uniformly sparsely streaked, the transition zone, and the upper 
leaf normally fully streaked. 

A hopper carrying the cane virus was able to take up the maize virus 
also. In an experiment, a hopper, after feeding upon diseased cane, pro¬ 
duced the sparse form of disease in a maize seedling upon which it had 
fed. It was then placed on a normally streaked maize plant for 4 days 
and re-tested on a second healthy maize seedling; this seedling developed 
the normal severe form of maize streak. Similar results were obtained 
with two hoppers collected upon diseased cane, which after first infecting 
maize with the sparse disease, later, following a period of feeding on fully 
streaked maize, infected maize with the normal severe disease. 

Reference may here be made to certain experiments with those maize 
plants in which streak signs, after a normal full development following 
infection with the maize virus, gradually became sparse during the later 
growth of the plants. These experiments, however, failed to demonstrate 
any permanent attenuation of the virus. From two plants in which the 
streaking became sparse, twenty-one maize plants were infected; these 
plants showed a slight tendency to become sparse in late growth. From 
the most sparse plants of this series the virus was transmitted to eleven 
more healthy plants. Two months after infection these plants were noted 
as exhibiting normal full signs of maize streak. 

The disease in the variety P.O.J. 213. Following upon observation of 
this variety from 1922-6 in many localities in Natal, where frequently 
the streak infection in adjacent Uba cane was severe, one of us reported 
it to be probably immune (lO). In January 1926, however, we discovered 
a plant with the clear signs of streak disease^. The lower leaves of this 
plant bore streaks at a frequency rather less than that normal in Uba, 
while upon the younger leaves the frequency was very sparse. Three 
months later the majority of the shoots of this stool bore young leaves 
which were entirely healthy, a few only having an occasional streak. This 
observation led one of us to think that this plant had gone through a 

^ At the experiment station of Messrs African Explosives and Industries, Ltd., whose 
assistance in these observations we acknowledge. 
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transitory infection of the kind which we have encountered in Uba cane 
inoculated with the maize viru8(i2). This was, however, incorrect, for the 
disease gradually reasserted itself and, by December 1926, many shoots 
from this stool were fully streaked. During the years 1927-9 the stool 
continued to produce some healthy and some diseased shoots. Sometimes 
the distribution of the streaks on the leaves was sparse and irregular, 
sometimes uniform and at a frequency rather lower than in the normal 
Uba leaf. Generally the streaks were wider than those in Uba; Plate XL, 
fig. 4, illustrates a normal fully diseased P.O.J. 213 leaf and a diseased 
Uba leaf for comparison. 

Meanwhile two more diseased stools appeared in 1928 in this cane 
plot, and six in 1929 in an adjacent plot. These diseased plants were not 
grouped but scattered through the plots. 

Cuttings from these diseased stools, when planted in Durban, pro¬ 
duced sometimes healthy and sometimes diseased plants. Detailed notes 
of these plantings follow; it will be observed that some cuttings from 
shoots which were unquestionably streaked produced nothing but healthy 
shoots; others produced shoots which were at first streaked but later 
recovered and showed no recurrence of the disease. 


Cuttings taken from the original Ureaked, stool of P.O.J, 213. 

(i) 13. xii. 26. Cuttings taken from shoots showing streaks on leaves. Planted in 
greenhouse. Produced healthy plants which remained free from streak signs for one 
year. 

(ii) 29. vii. 27. Cuttings of shoots, showing streaks on leaves, planted in open. 
First four leaves of all shoots arising from these cuttings all healthy. Later streak 
began to appear in some mother-shoots and in secondary shoots arising from them. 
Other shoots, arising from buds on the same setts, were healthy. By January 1st, 

1928, one sett producing shoots all streaked (rather sparse frequency). Another sett— 
middle bud producing streaked shoots (rather sparse), upper and low er buds producing 
healthy shoots. On March 28th, 1928, all shoots streak-free. Cut down. Ratoon shoots 
at no stage produced streak leaves, and on May 1st, 1929, all shoots were entirely 
healthy. Cuttings from these ratooned plants produced only healthy shoots. 

(iii) 21. X. 27. Cuttings from the streak-free shoots, planted in open, produced 
shoots entirely healthy up to May 1st, 1929. 

Cuttings from streaked shoots, planted in open, produced shoots mostly healthy; 
a few more or less sparsely streaked. Several cuttings produced both healthy and 
diseased shoots, with a tendency for streak to occur in the buds along one side of the 
sett only, but not invariably. On Aumist 23rd, 1928, all shoots bearing only healthy 
leaves. Cut down. Ratoons all healthy up to May Ist, 1929, except that one shoot 
showed two streak-like markings. On November 3^, 1929, all plants entirely healthy. 
Cuttings taken from these plants produced only healthy plants. 

Cuttings taken from another stool fully streaked. 

(iv) 10. i. 28. Two cuttings planted in open. Cuttings produced only healthy 
shoots. On August 23rd, 1928, cut back. Ratoons healthy up to November 3rd, 

1929. 
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(v) 16. X. 28. Two setts planted in open. Resulting shoots mostly showed streak, 
varying from one spot to a medium uniform frequency. By May Ist, 1929, all shoots 
from one sett healthy; a few streaks only on one or two shoots of other plant. On 
J une 22nd, 1929, taken into greenhouse. The shoots of the one stool remained healthy. 
In the other stool frequency of streaking gradually increased until by November 3rd, 
1929, all shoots were normally streaked. 

(vi) 25. i. 29. Four setts planted, two in greenhouse and two in open. Setts in 
greenhouse produced shoots all streaked and not losing streaking up to November 3rd, 
1929, setts in open more sparsely streaked and tending to become more sparse. Later 
streak increased and by November 3nl, 1929, all shoots were normally streaked. 

These observations are difficult to interpret and the reason for their 
diversity is obscure. They plainly show, however, the instability of the 
virus infection in this cane variety. Transferred to a new locality diseased 
plants in the main recovered (temporarily, at least) from the disease. A 
somewhat similar instability in the mosaic disease in certain cane varieties 
has been reported {e.g, by Stahl and Faris(9)). 

The naturally streaked plants of P.O.J. 213 were discovered in a plot 
growing at Umbogintwini, Natal, in a situation where experience had 
shown the streak infection in Uba cane to be very severe. Some years 
previously a plot planted with healthy Uba setts had become entirely 
diseased within the first 9 months of its growth. This plot was still grow¬ 
ing, fully diseased, alongside the P.O.J. 213. Consequently it was prob¬ 
able that the P.O.J. 213 was visited by many hoppers carrying the Uba 
cane virus. The indication is, therefore, that the P.O.J. 213 variety became 
infected with the virus from Uba, 

Experiments in transmission from P.O.J. 213 support this idea. 
Hoppers which had fed on streaked P.O.J. 213 were subsequently fed 
upon healthy maize seedlings. In six separate experiments, ten plants 
became diseased out of a total of sixty-one plants tested. All the diseased 
plants showed the sparse form of the disease typical of that caused by the 
Uba cane virus (Plate XLII, fig. 8). New hoppers fed upon one of these 
diseased plants infected three out of nineteen maize plants with the 
sparse form of the disease and one out of twelve Uba cane plants with the 
normal Uba form of the disease. 

Five separate experiments in transmission from P.O.J. 213 to Uba 
cane resulted in twelve infections of forty-four plants tested. The signs 
of the disease in these experimental plants were not distinguishable from 
those produced in similar plants by the virus from Uba cane (Plate XL, 
fig. 5). 

Success in experimental transmission to P.O.J. 213, in view of the 
rarity of its occurrence in the field, was hardly to be expected. Our first 
eight experiments in transmission from P.O.J. 213 to P.O.J. 213, in- 
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volving 109 plants, were all failures. Two experiments designed to trans¬ 
mit streak from Uba to sixteen plants in all of P.O.J. 213 both failed. 
Five plants of P.O.J. 213 remained healthy when fed upon hoppers carry¬ 
ing the virus from a Uba cane plant which had been experimentally in¬ 
fected with the virus from P.O.J. 213. A large number of experiments, in 
which hoppers carrying the maize virus fed upon healthy P.O.J. 213 
plants, gave no result. Nor did any infection result in fifteen plants from 
the feeding simultaneously on each plant of hoppers carrying both the 
maize and the Uba viruses. 

Eventually, however, in the experiments detailed in Table IV, we 
were successful in infecting four plants of P.O.J. 213; three plants from 
P.O.J. 213 and one plant from Uba. The infection of these plants ap¬ 
peared to be permanent and we observed no tendency to recovery. It is 
not clear what reason accounts for these successes after so many failures. 
Conceivably we were fortunate in choosing setts from stools which had. 
for some reason a lower resistance than usual. We have not overlooked 
the possibility that, in spite of our precautions to secure truly representa¬ 
tive controls (see heading to Table IV), our experimental plants may have 
been (‘arrving the virus from an old infection in the field. But in the 
experiments already described we found that cuttings of apparently 
healthy stalks, even from a stool partly diseased, produced only healthy 
plants. Furthermore, the appearance of the disease in four inoculated 
plants out of seventeen, as compared with seventeen controls which 
remained healthy, does not favour a chance explanation. 

Table IV. 

The cane virus—Trammission to P,O.J, 213. 

Hoppers, bred on healthy maize, fed for 20 or more days on streaked P.O.J. 213 or streaked 
Uba cane. Caged in glass tubes in groups of six on single leaves of healthy P.O.J. 213 
plants. Setts for experimental P.O.J .213 plants cut from stools not known ever to have 
shown streak. Control setts cut from same stalks as those inoculated. In experiment 
of 28. V. 29 each stalk cut into four pieces, the top and bottom acting as controls and 
the two middle pieces being inoculated. 


Date 

Source of virus 

Period of 
observation 
(days) 

No. of 
plants 
tested 

No. of 
plants 
diseased 

25. iii. 29 

Streaked P.O.J. 213 

82 

5 

2 


Controls 

82 

5 

Nil 

25. iii. 29 

Streaked Uba 

82 

4 

1 


Controls 

82 

- 

Nil 

28. V. 29 

Streaked P.O.J. 213 

83 

8 

1 


Controls 

83 

8 

m 


The disease in other cane varieties. An earlier paper (lO) recorded the 
names of eleven varieties of sugar cane which had been observed in Natal 
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bearing the typical signs of streak disease. To this list may now be added 
the following varieties: 


Variety 

Origin 

History of the sample tested 

Black Tanna 
(Plate XLII, fig. 9) 

Old standard variety 

An early importation, probably from 
Mauritius 

M.P. 66 

A Mauritius seedling 

Ditto 

CH 64/21 

Reported to bo a 
cross between Uba 
and D. 74 

Received from Experiment Station, 
Chaparra, Cuba 

Merthi 

Thin cane of the Uba 
type 

Received from U.S. Dept. Agric. 
Washington 

Oshiina 

99 

f* 

Kavangire 

99 

»» 


An experiment has been carried out with the variety M.P. 55. 
Hoppers fed on a diseased plant of this variety transmitted streak to 
two out of ten maize seedlings, the manifestation of the disease being 
, typical of that produced by the virus of Uba cane. 

Certain experiments, following the large cage method, have been per¬ 
formed in transmission of streak from Uba cane to a number of varieties 
recently imported to Natal. These experiments have led to the following 
classification: 


Variety 

Origin 

History of the sample tested 

CH 64/21 

Reported to be a 
cross between Uba 
and D. 74 

Received from Experiment Station, 
Chaparra, Cuba 

Merthi 

Thin cane of the Uba 
type 

Received from U.S. Dept. Agric. 
Washington 

Kavangire 

»> 

Ditto 

Zwinga 

Provisionally regarded as 

Received from Tucuman Experiment 
Station, Argentina (through In- 
comati Estates, Portuguese East 
Africa) 

Variety 

immune origin 

History of the sample tested 

Co 205 

Seedling raised at 
Coimbatore, India 

Received from Coimbatore 

Co 210 

»♦ 

» 

Co 213 

»» 

>> 

Co 214 


ft 

Toledo 

Local variety—se¬ 
lected in Philip¬ 
pine Islands 

Received from U.S. Dept. Agric. 
Washington 

Hinde'fl 

Special 

♦j 

Received from Philippine Sugar 
Association 

Kassoer 

Believed natural 

cross between 

Cheribon and Sac- 
chamm spontaneum 

Received from U.S, Dept. Agric. 
Washington 

Kinar 

Thin cane of the Uba 
type 

Ditto 
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Streak disease in wild grasses. 

We have observed a number of species of grasses in the field bearing 
chlorotic leaf-markings resembling those of streak disease in maize and 
sugar cane. A list of sixteen species was published in an earlier paper (lO). 
To this list we are now able to add the following names: 

Name Locality 

Dactyloctenium aegyptiacum, Willd. South Africa 

Tragus ractmo»uSy Scop. „ 

Setaria verttciUata, Beauv. „ 

MoUboeUia excdtaia, L.f. Usambara, Tanganyika 

Territory 

Cymbopogon citraius Stapf. Uganda 

Ihplachne deusine Nees. South Africa 

The diagnosis of the disease in all these species is based upon the signs 
observed in plants in the field. But the majority of the species in the 
two lists showed markings so characteristic of streak disease, as it may 
be seen in the hosts which we have studied, that diagnosis is reasonably 
secure. Where the markings were not fully typical, plants were trans¬ 
planted and maintained under observation. The study of these plants 
showed that the disease was both permanent and systemic in them. 
Caution is however necessary in drawing conclusions from the preceding 
evidence, for we have not transferred streak disease experimentally to 
or from any of the grass species, except Digitaria horizontalis and 
Ehusim indica. With some species the manner of transmission is obscure, 
for they appear to be unfavourable food plants for Cicadalina mbila and 
unable to maintain hoppers alive for more than a few days. 

The disease in Digitaria horizontalis Willd, 

This common ruderal species is the one that may be most frequently 
seen streak diseased in Natal. The signs of the disease show considerable 
variations in diflferent individual plants. Plate XLIII, fig. 14, illustrates 
a typical diseased plant, and Plate XLII, fig. 10, separate leaves of 
diseased plants. 

We have found diseased D, horizontalis in many localities but particu¬ 
larly in maize fields in which the maize is reaching maturity. Indeed it 
has been a common experience for us to find the weed flora of lands from 
which the maize has been recently reaped to consist almost entirely of 
streak-diseased plants of this species. During the 1926-7 season boxes 
of young seedlings of D, horizontalis were exposed each month from 
August to March in a maize plot where streak disease was severe. A 
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proportion of each month’s planting became diseased. The field evidence, 
therefore, suggests that the maize virus is capable of infecting D, hori- 
zontalis. 

Experiments have confirmed the ability of the maize virus to infect 
this grass species. Hoppers, which had been bred upon streaked maize, 
were caged separately in groups of six on twelve Digitaria plants, all of 
which became streak diseased. Of the tw^elve control plants, one (upon 
which an escaped hopper was caught) also became diseased. From these 
infected Digitaria plants the virus was re-transmitted to maize by un- 
infective hoppers, which, after feeding on a diseased Digitaria plant, in¬ 
fected twelve out of sixteen maize seedhngs. The disease in these maize 
seedlings was of the normal maize type. Transmission from maize to 
D, horizontalis was also obtained under Tanganyika conditions. Using 
as a source of the virus diseased maize collected in the vicinity of Amani, 
three plants of Digitaria were infected out of six. The signs of the disease 
in these plants were similar to those observed in this species in Natal. 

We failed to transfer the virus from sugar cane to Z>. horizontalis. 
Groups of five hoppers each reared upon streaked Uba cane were tested 
on five Digitaria plants, which remained healthy. The same hoppers 
subsequently infected maize seedlings with the sparse form of streak, 
showing that they were undoubtedly carr^dng the cane virus during their 
period of feeding on the Digitaria. Hoppers which had fed upon a diseased 
plant of the P.O.J. 213 variety in a similar experiment failed to infect 
eight Digitaria plants. 

From diseased Digitaria the virus may be transferred to healthy 
Digitaria. Of twelve plants subjected to the feeding of hoppers which 
had previously fed upon a naturaUy streaked Digitaria plant, one had 
just developed streak disease, before they were all destroyed in a hail¬ 
storm. 

The evidence up to this stage suggests no complications in the streak 
disease relation of D. horizontalis. The virus of maize is certainly trans¬ 
missible to this grass; the virus of cane probably not, although our 
evidence is insufficient to prove this impossibility. When, however, we 
studied the transmission from plants of Digitaria naturally infected with 
streak disease, we obtained anomalous results. Hoppers, fed on streaked 
Digitaria plants collected in a site near diseased maize and cane, infected 
all of nine maize seedlings in an experiment: the pattern of streak vras 
very variable as between different individual seedlings, the spots being 
of medium to narrow width and the frequency varying from sparse to 
normal. The virus in this example was certainly less virulent to maize 
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than the normal maize virus. Hoppers from the same group, when fed 
upon healthy ^Jba cane, produced in three out of twelve plants many 
exceptionally large streaks, but gradually the streaking became more 
sparse and eventually the plants produced only healthy new leaves. 
The streaks were of the kind which we obtained in our attempts to trans¬ 
fer the maize virus to cane, but the number of streaks was much greater 
than we ever obtained in those attempts, and the duration of tlie diseased 
phase was much longer. This Digiiaria virus therefore appeared to be 
more virulent to cane than the maize virus. 

In another experiment, using as the source of infection diseased 
Digifaria plants collected in a maize field, nine out of thirty maize seed¬ 
lings were infected, all showing the normal full signs except one which 
was very sparse. 

Although, in the preceding experiment, the virus from Digiiaria had 
shown a virulence for cane greater than we had ever observed in the 
maize virus, the following experiment failed to demonstrate any exalta¬ 
tion of virulence by passage through Digiiaria. Groups of six hoppers 
each, which had fed upon a Digiiaria plant experimentally infected from 
maize, were placed on six healthy cane plants. All cane plants remained 
healthy except one, which produced a few spots, but not more than 
might be expected from inoculation by the maize virus direct from 
maize. 


The disease in Eleusine indica Gaert. 

In the frequency of its infection by streak disease in the field, this 
species comes next to D. horizontalis. We have found diseased plants in 
many localities, both near diseased cane and particularly in old maize 
fields. Of particular interest is its occurrence in a maize field in the 
Northern Transvaal, where no diseased sugar cane was known to grow. 
The signs of streak in this species are illustrated in Plate XLII, fig. 11, 
and Plate XLIII, fig. 15. 

Although Eleusine is so frequently to be seen diseased in maize fields, 
we have failed to secure clear evidence of the transmission of streak from 
maize to Eleusine. Plants exposed each month in a plot of streaked maize 
all remained healthy. During this period, however, one self-sown Eleusine 
plant developed streak in this plot. 

Attempts to transmit the maize virus experimentally to Eleusine all 
failed. In the eight experiments detailed in Table V, fifty-eight plants 
all resisted infection, and at no time were even single streaks noted in the 
experimental plants. We show below, however, that transitory infections 
Ann. Biol, xvn 46 
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of Ehmine may result from transmission from maize which has itself 
been infected from Eleusine. 


Table V. 

The maize virvs—Trarmnission to Eleusine indica. 


Hoppers, fed on diseased maize, caged for 7 days or more on healthy Elmaint seedlings, 
either by glass tubes on single leaves or in lamp-glasses on whole plant. 



No. of 
hoppoi-8 to 

Method of 

l*eriod of 
observation 

No. of 
plants 

No. of 
plants 

Control 

plants 

Date 

each plant 

experiment 

(days) 

tested 

infected 

(healthy) 

30. V. 24^ 

3-4 adults 

On single leaf 

45 

4 

Nil 

4 

13. V. 25* 

2-3 adults 

»» 

60 

4 

Nil 

4 

8. vi. 26 

.5 immature 


KM) 

8 

Nil 

7 

19. vii. 26 

6 

On whole plant 

50 

6 

Nil 

6 

20. viii. 26 

8 

»♦ 

60 

8 

Nil 

8 

28. vii. 27* 

4-5 adults 


131 

12 

Nil 

12 

4. X. 27t 

and immature 

6 adults 

»» 

63 

4 

Nil 

4 

21. V. 28* 

2 „ 

On single leaf 

88 

12 

Nil 

12 


* Hoppers proved infetitive to maize. 

f Hoppers previously fed on D. honzonUHiSy infected from maize. 


In a similar way, we failed to transmit the ITba cane virus to Elevsine. 
In three experiments, as shown in Table VT, fifteen Eleusine plants re¬ 
sisted infection. On the other hand, one infection resulted in an experi¬ 
ment in transmission from streaked P.O.J. 213. Here the hoppers, after 
feeding upon the diseased cane, were caged in groups of tliree upon eight 
Eleusine plants. The one plant showed a rather sparse streaking, as re¬ 
corded in Plate XLI, fig. 7 ; but, although a tendency to recovery was 
later observed, one shoot of this plant was still streaked 7 months after 
the start of the experiment. A repetition of this experiment afforded no 
further infections. 


Table VI. 

The cane virus—Transmission to hlleusine indica. 


Hoppers, fed on diseased ITba cane, caged in lamp-glasses upon Khuatne seedlings. 


Date 

No. of 
hoppers to 
each plant 

Period of 
observation 
(days) 

No. of 
plants 
tested 

No. of 
plants 
infected 

Control 

plants 

(healthy) 

19. vii. 26 

6 

50 

6 

Nil 

4 

2. xi. 2 

6 

60 

4 

Nil 

4 

16. xi. 27 

5 

60 

5 

Nil 

5 


With the one exception, therefore, our attempts to transmit the 
maize and cane viruses to Eleusine were all failures. It might well be 
concluded that there is a specialised Eleusine streak virus. But if so, we 
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should have encountered no difficulty in transmission from naturally 
streaked plants of this species. On the contrary, however, we have not 
obtained any permanent infections with virus from this source. As shown 
in Table VII, ten out of thirty-two experimental plants became tempor¬ 
arily diseased, but later recovered. Thus one plant, in the experiment of 
January 13th, 1928, had streaks on all young leaves 21 days after the 
start; after 41 days the young leaves were either sparsely streaked or free 
from streaks; while after 80 days all the young leaves were entirely free 
from streaks. It is difficult to understand what is the unknown factor 
which has prevented our infecting a species that is so commonly diseased 
in the field. 


Table VII. 

The Eleusine vims—Transmission to Eleusine indica. 

Hoppers, after feeding upon diseased plants, caged for 7-20 days on healthy Eleusine 

seedlings. 

No. of Xo. of 

No. of I*eriod plants plants 

hoppers of ohser- No. of perman* t^*nii>ur- Control 


Date 

Source of Infect ton 

on each 
plant 

ration 

(days) 

plants 

tested 

ently arih plants 

infected nifccted (healthy) 

4. i. 28 

Maize plant, mfoctod 

6 

70 

12 

Nil 

8 

15 

13. i. 28 

from naturally dis- 
ca.sed Eleusine plant 
Eleusine plant found 

3 

80 

7 

Nil 

2 

9 

28. IV. 28 

naturally diseased in 
field 

1 

88 

13 

Nil 

Nil 

13 


It remained for us to study the transmission from naturally diseased 
Eleusine to maize and cane. As with D, horizonialis we found the Eleusine 
virus to be rather less virulent to maize and more virulent to cane than 
the maize virus. In one experiment, seven maize seedlings were infected 
out of eight; none of these plants showed typical full maize streak signs, 
the disease varying from a medium sparse to a very sparse type. In two 
later experiments, however, all of sixteen maize plants showed signs in¬ 
distinguishable from those of normal maize streak. Transmission from 
naturally streaked Eleusine to Uba cane resulted in four temporary in¬ 
fections out of eleven plants tested. These foui* plants produced from one 
or two to many streaks similar to those caused in cane by the maize 
virus. All the plants eventually threw off the disease, although in one 
the recovery took place only slowly. This plant, 2 months after the feeding 
of the hoppers, appeared to be normally fully streaked, although the 
streaks were exceptionally large. After 5 months the streaking had be¬ 
come sparse on the youngest leaves, and the progressive loss of streaking 
continued until, at the end of 10 months, the plant appeared to be healthy. 

46—2 
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At this time the shoots were cut back and the stool allowed to ratoon. 
The new shoots bore occasional streaks for the first few months, but their 
frequency diminished until, at 19 months, all young leaves were free from 
any streak signs. On being again cut back the stool produced only healthy 
shoots. Three months later these shoots were cut off and planted, but 
these setts and the original stool produced only healthy shoots. Although 
therefore the virus appeared eventually to die out, it continued to exert 
its effect on this plant for more than a year. On no occasion was the maize 
virus ever observed to maintain such a long protracted infection in Uba 
cane. 


Summary of the experimental results. 

The results of the foregoing series of experiments are grouped in 
Table VIII, in which we indicate not only the measure of success which 
has followed from attempts at cross-transmission but also the kind of 
signs produced. The terms used are necessarily somewhat loose, but their 
meaning will be understood from a study of the photographs accompany¬ 
ing this paper. In considering the width of the streaks we note them as 
“broad*' or “narrow'’ by comparison with the breadth which we have 
been accustomed to see in naturally or experimentally infected plants 
of the species under consideration. Thus Plate XL, fig. 2, shows “broad’’ 
and “ narrow streaks in maize; Plate XLI, fig. 7, and Plate XLII, fig. 11, 
“narrow” and “broad” streaks in E. indica. In a similar way the mean¬ 
ing of “high” and “sparse*’ frequency will be understood from a com¬ 
parison of the two leaves depicted in Plate XL, fig. 2. 

The overwintering of the streak virus of maize in Natal. 

The foregoing results suggest that it is not to the perennial host-plants 
that we are to look for the carrying of the streak virus over from one 
summer crop of maize to the next. At first sight it was to be expected 
that sugar cane in particular would act as a reservoir of the virus whence 
each season’s maize would become infected. We have shown, however, 
that it is highly improbable that the virus of cane may be transferred to 
maize with the production of the normal disease in the latter. The results 
of a field experiment support us in this conclusion, for maize planted in 
the early spring alongside a plot of streaked cane developed at first only 
the sparse form of the disease. Subsequently a small proportion of the 
plants became fully streaked; but there is reason to regard this as due to 
a re-infection by the maize virus, brought about in the following manner. 
During the previous autumn a maize plot, growing alongside, had been 
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severely streak diseased. Collections of hoppers made during the winter 
in the cane plot usually contained a small proportion which were carrying 
a virus fully virulent to maize. We suppose that these individuals were 
the hoppers which migrated to the cane from the maize, as it died off, and 
it is to the few survivors that wc attribute the infection of the nearby 
maize in the spring. 

We have experimental evidence that the streak virus may overwinter 
in surviving leaf hoppers of the species Cicadnlina mbila. In May 1925 
hoppers, bred on streaked maize, were confined in wire-gauze tubes upon 
leaves of sugar cane plants in the open at Durban. As necessary the 
hoppers were moved to fresh leaves, but throughout the winter they 
remained exposed in the gauze tubes in the open. In October the sur¬ 
viving hoppers were tested on maize. The single survivor of twelve 
hoppers, caged on healthy cane, produced normal fuD streak in maize. 
Of three survivors out of twelve confined on streaked cane, two produced 
full type streak in maize. Meanwhile, as was to be expected, an originally 
uninfective hopper, which survived upon streaked cane, caused only 
sparse streak in maize. 

We believe, therefore, that, under the conditions prevailing in the 
neighbourhood of Durban, the overwintering of the maize virus is due 
to the insect vector rather than to plant hosts. Probably few infective 
hoppers actually survive the winter, since early in the season maize may 
be grown usually without serious losses from streak disease, even in 
regions "where later in the season every plant may be expected rapidly to 
contract the disease. 

Probably also the maize streak virus is carried over in occasional 
maize plants which survive over the winter in favourable situations. 
Normally in Natal few maize plants do so survive. But we have demon¬ 
strated experimentally the importance of such overwintering maize 
plants. Through 3| years in a plot in Durban maize was sown every fort¬ 
night. No planting at any season escaped severe streak infection. Unlike 
plantings in the field in this region, the early spring sowings were no less 
freely infected than those of the late summer. 

Discussion. 

The results of our experimental studies show conclusively, we believe, 
that the virus of streak disease of maize, as it usually occurs in that plant 
in the field, is not identical with the virus of streak of Uba cane. Each 
virus shows a specialisation to its own host. The maize virus, producing 
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a very severe disease in maize and permanent during the life of tlie plant, 
is so weakly virulent to sugar cane as to be capable of only a transitory 
infection of this host. The Uba virus, while readily infecting Uba, but 
producing in it a comparatively mild though permanent disease, is only 
weakly virulent to maize. In this host it induces a mild disease, which 
tends to become suppressed with the gi*owth of the plant. 

In thus postulating a difference between the two viruses, we have 
judged by their effects between host-plants: by the breadth of the 
chlorotic areas and by their frequency of distribution upon tlie leaf. We 
have no doubt that the particular signs produced are characteristic of 
each virus. In our experiments each virus has produced the expected 
signs with almost uniform regularity oven after repeated passage through 
alternate host-plants. Variations in the severity of the effects of a virus 
disease, as between different individual plants, are commonly encountered 
in virus studies, and are usually attributed to constitutional differences 
in the plants. We have observed slight variations, which may be due to 
this cause, but they never approached the magnitude of the differences 
which we have found between the signs produced in maize by the maize 
and the cane viruses. It may be noted that with many virus diseases the 
‘‘severity" of the disease is in a measure to be judged by the contrast 
betwf'en the chlorotic and normal areas in the leaf, that is, by the degree 
of chlorosis in the affected arenas. In stn‘ak disease the chlorosis is, except 
in rare instances, almost complete and the cdilorotic areas are almost 
devoid of chlorophyll. Consequently the total clilorotic area is a rough 
measure of the “severity” of a streak infection. It has been obvious that 
there was a relation between the total chlorotic area and the general ill- 
effects (stunting, etc.) upon the plant. 

W^e believe that our evidence for the recovery of cane plants from a 
streak inf<‘ction is trustworthy. Many examples of apparent recovery 
from a virus infection are explicable merely as masking of signs due to 
a change of environmental conditions. In such plants the virus is still 
present. Wh have never been able to discover any evidence of such 
masking under the highly variable comUtions of our experiments, carried 
out in the open and in an unheated greenhouse throughout every season 
of the year. Conceivably, a streak virus may, under certain circumstances, 
lie dormant in some part of the cane plant. We can only test this possi¬ 
bility by growing the plants under observation for a long period and by 
testing leafhoppers which have fed upon them. Both these tests have 
failed with the cane plants which we believe to have recovered from streak 
infections. We realise, however, that this evidence is not complete. If 
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a means of artificially transferring the streak virus be discovered, evidence 
may be forthcoming to cause us to change our view. Within the limita¬ 
tions of the technique available, however, our experiments have shown 
all the examples of recovery to be absolute. 

Our experiments upon wild grasses have been less conclusive. The 
rrjiize virus may be transmitted to D. horizontalis and back to maize 
without any change of virulence. But in the field D. horizontalis may 
carry a virus which is less virulent to maize than the normal, and a virus 
which is more virulent to cane than the maize virus, although less 
virulent to cane than the cane virus. This grass species appears to be 
susceptible, therefore, to at least one virus which is not identical with 
either the maize or the cane virus. 

The position in E, indiea is more obscure. It is difficult to understand 
our failure permanently to infect this species with the virus from naturally 
diseased Ehusine, We know, however, that in the field E. indiea may be 
carrying a virus which is fully virulent to maize, or one which is mildly 
virulent, and a virus which is considerably more virulent to Uba cane 
than the maize virus. 

The trend of our work has been therefore to show that there is not 
one streak virus but several. We may regard them as different kinds of 
virus or as strains of one virus specialised to particular hosts. The concep¬ 
tion of strains would assume importance only if there were evidence of a 
change of one strain into another. At present we have no experimental 
evidence for such a change. At one time we thought we were witnessing 
the process of adaptation of the streak virus to P.O.J. 213 in the field. 
But our experiments failed to demonstrate an appreciable change in the 
virus which had naturally established itself in this cane variety; for the 
virus from these naturally diseased P.O.J. plants was not notably more 
virulent to P.O.J. 213 than was the Uba virus. The balance between virus 
and plant in P.O.J. 213 is, however, at present highly unstable, and at 
times the plant appears to gain a mastery over the virus. It is not im¬ 
possible that the virus, now maintaining only a precarious hold upon 
the plant, may in course of time become specialised to P.O.J, 213 and 
fully virulent to it. 

Definite evidence is, therefore, opposed to the idea that one streak 
virus may be changed into another. Nevertheless, it can hardly be dis¬ 
puted that the streak viruses form a natural group, clearly differentiated 
from, for example, the mosaic viruses which affect a nearly similar range 
of host-plants. For in the first place the signs of the disease in all hosts 
are similar: discrete chlorotic areas, situated along the veins, unlike the 
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diffuse mottling of a mosaic disease. Transmission in all the hosts studied 
is by CicaduUna mbila. The disease is essentially an African one (al¬ 
though it has been reported in sugar cane in India and Burma (3, 7)); 
where the disease occurs in one host it may usually be found in all or 
most of the other hosts which we have studied. Furthermore, we have to 
face the fact that the present extensive plantings of Natal IJba originated 
some 50 years ago almost certainly from a single sett, which was un¬ 
questionably healthy. Yet in the intervening years there has appeared 
a streak virus specialised to Uba cane. On the other hand, in Uganda the 
recently introduced Uba cane has remained streak-free(0, although, to 
our own knowledge, streak is there prevalent in maize and C. mhila is 
plentiful. It is possible that there may have existed in Natal, before the 
Uba cane was introduced, a virus in some unknown wild grass, which 
found an immediate favourable host in Uba cane. If so, it is surprising 
that the same virus did not exist in Uganda, and did not at once attack 
the Uba cane upon its introduction. It is difficult not to believe that in 
the course of years there has evolved in Natal, perhaps from the maize 
virus, a strain of streak virus strongly virulent only to Uba cane. 

General summary. 

]. This paper describes experiments in the transmission of streak 
disease between maize, sugar cane, D, korizontalis Willd. and E. indica 
Gaert. The leafhopper, CicaduUna (Balclulha) luhih Naude, acted as the 
transmitting agent and was usually manipulated by the single-leaf cage 
method. 

2. The virus of maize streak disease is incapable of causing perma¬ 
nent infections of sugar cane. This conclusion is based on a considerable 
series of leaf-cage experiments, in the greenhouse and in the field, and 
upon a large-cage experiment. It is confirmed by certain field observa¬ 
tions, 

3. The maize virus frequently caused transitory infections of Uba 
cane, in the form of a few large chlorotic streaks on the leaves. From 
these streaks the virus was re-transferred to maize. All evidence indicated 
that the cane plant made a complete recovery from this transitory in¬ 
fection and ceased to harbour the virus. 

4. The virus from Uba cane readily infected Uba cane. When trans¬ 
ferred to maize it produced in this species only a mild form of streak 
disease, distinguishable with certainty from normal maize streak. Re¬ 
peated passage of the cane virus through maize failed to enhance its 
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virulence to maize. Infection by the cane virus afforded no protection 
to a plant from infection by the maize virus; nor were hoppers similarly 
protected. 

5. Streak disease was discovered in the cane variety P.O.J. l213, 
hitherto regarded as immune. The virus from these plants produced 
normal streak in Uba cane and the mild form of streak in maize. After 
many failures the disease was transmitted experimentally to this variety 
from Uba cane and from P.O.J. 213 naturally infected in the field. 
Cuttings taken from diseased plants of P.O.J. 213 frequently produced 
entirely healthy plants. 

6. Lists are given of cane varieties which have been proved to be 
susceptible to streak disease and of those provisionally regarded as 
immune. 

7. A list is given of species of wild grasses believed to contract streak 
disease in the field. 

8. Streak in D. horizontalis has been transmitted from D, honzontaUn 
and to and from maize, but not from cane. The virus from a naturally 
diseased Digitaria plant, however, showed a virulence to cane greater 
than the maize virus. 

9. E. indica was not successfully infected from maize or Uba cane. 
It was once mildly infected from P.O.J. 213, and was temporarily infected 
from Elensine, 

10. In experiments infective leafhoppers survived in the open 
through the winter at Durban and infected maize in the following spring. 
The infection of maize in the spring in Natal is thought to be caused 
usually by survival of the virus in overwintering leafhoppers and not in 
perennial host-plants. 


ArCENDlX. 

Unsi/ccefisful tests of species of leafhoppers for transmission of 
streak disease. 

Various leafhoppers collected in fields of streak-diseased maize and 
sugar cane were tested for transmission of streak to maize and cane. 
These trials, which included twenty-one species of Cicadellids and four 
species of Fulgorids^, as detailed in Table XI, resulted in no streak in¬ 
fection. We have no indication of any vector of this disease other than 
Cicadalina mbila. 

^ We are indebted to Dr T. J. Nande for the determination of these insects. The lettering 
of the unnamed species corresponds to specimens in his collection* 
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Table IX. 

TeMs of various leaf hoppers for transmission of streak disease, 

Combined results of experiments from May 1924-Januarv 1920. Ko infection by 
streak disease resulted in any experimental plant. 


Collected in diseased Collected in diseased 

cane field maize field 


No. t<*sted 

Name of insect on maize 

ClCAX>ELLII»AE 

Agalha nujrasferna Cogan 3 

Bnlrhifhi sp. (?>) — 

('irofiellu vofunwpilita Sijrnoret — 


„ Mimtra Distant — 

EinjmaJica sp. (b) — 

sp. (r) 3 

Erythnmaum sp. («) 19 

„ sp. (6) 2 

„ sp. (r) 1 

sp. \d) 1 

Ewjnathodufi anranticuluii 20 

Naude M.S.S. 

„ iiaruiuH 2 

Naude M.S.S. 
sp. {a) 2 

sp. {h) 1 

E n fit (7 ? s acth to pica (k)gan — 


afiftrunnrrvtii Stal. 
uriirnacidata 
Naude M.S.S. 


sp. (a) — 

.sp. {h) — 

Thannioh'ttix sp. (a) 1 

„ ap. (6) 3 

FlTUJORIDlE 

Dicratioiropis sp. (b) ,j 

sp. (fi) — 

sp. (f) J 

F(rk'tn.sn'Itfi mrchancidn 1 


Kirkaldj^ 


No. tested No. tested No. tested 
on Uba cane on maize on Uba cane 

— 3 — 

17 1 

4 _ 

1 __ 

] ~~ 

19 1 — 


8 20 


1 

2 _ 

" 3 


1 8 
1 


In view of the successful results of Stahl(8) in transmitting with Pen- 
(jrinus mauHs, a disease of maize in Cuba hardly distinguishable by its 
signs from our streak disease, we have considered it advisable to test 
further the possibility that this species may be a vector of African streak 
disease. Some negative evidence upon this matter has been already 
presented by one of us(ii). In a new experiment one of the large cages 
already described was filled wdth forty young maize seedlings. A streak- 
diseased maize plant, bearing large numbers of individuals of this Ful- 
gorid in all stages of development, was then introduced. At the end of 
78 days no plant had developed streak disease. Upon repeating this 
experiment, 206 plants were healthy at the end of 120 days. 
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Since it appeared to be possible that the insect used in our experi¬ 
ments might be a different species from the Peregrinm maidis of Cuba, 
we asked Dr C. F. Stahl to supply us with specimens. These were sub¬ 
mitted, together with our African specimens, through Mr W. E. China to 
Dr F. Muir, who found all morphologically identical. Although it is 
conceivable that there may exist in Cuba a race of Peregrinus maidis 
specialised to the transmission of a virus identical with our streak virus, 
as suggested by McKinney(6), yet the evidence rather suggests that our 
streak and Stahl’s '' 3 ’’ellow stripe disease of corn” are separate diseases. 
This view is held by Brandes{i) and presumably by Stahl(S), who makes 
no reference to streak disease in his paper (loc. 
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EXPLANATION OF PLATES XL—XLIII 

PLATE XL. 

Fig, 1. Leaf of Uba cane plant experimentally infected with the virus from streaked maize, 
showing single large chlorotic streak. < 1 

Fig. 2. Leaves of maize plants, experimentally infected (1) with streak virus from maize, 
(2) with streak virus from Uba cane, x 

Fig. 3. Leaves of maize plant, experimentally infected by the virus, originally obtained 
from Uba cane, but passed three times through maize, x 

Fig. 4. Leaves of sugar cane plants naturally infected with streak disease; (1) P.O.J. 213 
variety* showing about the maximum frequency of streaking observed, and (2) Uba 
variety, normal frequency, x J. 

Fig. 5, Leaf of Uba cane plant, experimentally infected from P.O.J. 213, showing normal 
fi*equency of streaking, x f. 

PLATE XLI. 

Fig. 6. Successive alternate loaves taken from a maize plant, originally experimentally 
infected from Uba cane and later infected from maize. These leaves show (1) the sparse 
sti’eaking of the Uba virus, (2) the same, but with the normal full streaking tow'ards 
the base of the leaf, and (3) normal full streaking, x 

Fig, 7. I-icaves from a plant of E. indica^ experimentally infected from streaked P.O.J. 213 
cane, > 1 

PLATE XLtl. 

Fig. 8. Limf of maize plant, experimentally infected from streaked P.O.J. 213 cane, x f. 

Fig. 9. Leaf of sugarcane, variety Black Tanna, naturally infected with streak disease. X 

Fig. 10. Leaves of 1>. honzontalis, naturally infected with streak disease, x IJ. 

Fig. 11. Leaves of E. ttidiva, naturally infected with streak disease, x 1, 

PLATE XLIII. 

Fig. 12. Enlarged photograph, by transmitted light, of streaks on a maize leaf, infected 
with the maize virus. 

Fig. 13. Enlarged photograph, by transmitted light, of streaks on a maize leaf, infected 
with the Uba virus. 

Fig. 14. Plant of D. horizontalis^ naturally infected with streak disease. 

Fig. ir>. Plant of E, tndtea, naturally severely infected with streak disease. 


(Received Jvne lliA, 1930.) 
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A NEW STRAIN OF TILLETIA TRITICI 
IN PALESTINE 

By I. REICHEET, Ph.D. 

{P.Z.E. AgricuUural Experiment Station, Tel Aviv, Palestine.) 

imxm b 

In a lormer piu)licatioii(7) on comparative l)unt resistance of w’^heat in 
Palestine, the results of two years’ inoculations of tw^enty-two local and 
foreign wheat varieties with Tillvtia tritici were given. All the varieties 
tested proved highly susceptible to T, tritici with the exception of two 
Australian wheats, Florence and Bunyip. The former, which is known to 
be slightly susceptible to T. tritici in Australia(4, 5) and in the United 
States(irj, 16), showed absolute immunity; Bunyip, which in the same 
countries(S, 16) is highly susceptible, in one year’s experiments in Pales¬ 
tine was immune and in another year highly resistant, though the other 
varieties tested showed up to 70 per cent, infection. These results were 
both striking and important from a practical point of view, since both 
wheats could safely be introduced to local agriculture or used for breeding. 

The question then arose whether the immunity or resistance shown 
was temporary or permanent. The results of Sessous’(iH), Koemcr‘s(n) 
and Gaines’ (2) experiments showed that the American immune varieties 
JMartin, Hussar and Pidit were highly susceptible to bunt of (merman 
origin. Furthermore, Faris(i), Kodenhiser and Stakman(iO), and Reed(6) 
have shown that T. tritici and T, leans comprise distinct physiologic forms 
in different countries which possess a different degree of virulence towards 
certain wheat varieties. Great care had therefore to be exercised, in the 
light of the results obtained, before drawing conclusions as to the 
permanence of this resistance. 

The immunity and resistance of these two varieties could thus be 
accounted for in two ways: (1) the local Palestine strain of T. tritici^ un¬ 
like the American and Australian strains, might be incapable of attacking 
these varieties or, (2) the two wheat varieties themselves might prove to 
be resistant strains of susceptible varieties. The existence of such re¬ 
sistant strains in susceptible wheat varieties, especially when the former 
derive from different stocks, can already be found in the classical bunt- 
resistance experiments of Kirchner, vrhich the author himself over¬ 
looked (3, 7); further, this fact has been recently experimentally proved 
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by Stadler(i4). A special investigation was therefore undertaken in 
] 928-9 to ascertain the real causes of the different behaviour of Florence 
and Bunyip in Palestine. 


Materials and methods. 

In order to carry out this experiment different sources of T, intici 
material and another stock of the Florence and Bunyip varieties were 
needed. As it was desired to conduct the experiment during 1929 there 
was no time to get material fromtlie U.S.A. or Australia, but Miss Kathleen 
Sampson, Aberystwyth, Wales, and J)r Theodor Roemer, Halle, Ger¬ 
many, who used Florence wheat and different collections of T. frit in in 
their experiments, were so kind as to supply me with the necessary 
material. Miss Sampson sent Florence seeds and T, iritici spores used 
]>y her, while Dr J^oeraer furnished me with seven different collections of 
T. h'dici: one collection from the U.S.A., one from Holland, one from 
Sweden, one from J lenmark, one from Switzerland and two from Germany. 
Including the local and Welsh collections we had, altogether, nine collec¬ 
tions of 2\ tritiri ready for use. 

The following wheat varieties were used: Florence variety grown in 
Palestine and called Florence Palestine, Florence variety sent by Miss 
Sampson called Florence Wales, and Bunyip grown m Palestine. We 
were unable to obtain another stock of the latter variety. 

The s“eds were contaminated in a container with bunt spores taken 
from infected wild emmer plants and were sown in rows of fifty seeds 
on December 27th, 1928. They were sown 15 cm. apart and spaced 
7*5 cm, apart. The soil in which the seeds were sown was sufficiently 
moist, tlie rainfall for the last ten days before sowing amounting to 
53 inm. Rain fell again three, days after sowing, and the total amount 
during the next eight days reached about 80 mm. The temperature was 
thus reduced to PP G. at the time of germination. 

Many of the plants wc^e unfortunately damaged by field mice, but 
the remaining plants sufficed to give a clear idea of the results. 

From the following experimental results we see that the absolute im¬ 
munity of the Florence Palestine wheat was broken by three collections 
of bunt, namely, Breslau, Wageningen and Zurich. The Florence Wales 
wheat variety was infected only by the Breslau collection. The Breslau 
bunt collection was thus the most virulent, infecting the P^lorencc 
Palestine variety up to 7*7 per cent, and the Florence Wales variety up 
to 9*1 per cent. The bunt collection of Zurich infected only the Florence 
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Palestine variety up to 3*8 per cent. The Wageningen collection was the 
least virulent, infecting only the Palestine variety up to 2*4 per cent. 

Table 1. 

The percentage of smutted plants obtained in two stocks of Florence and one 
of Bunyip inoculated with nine collections of Tilletia tritici. Experi¬ 
ment conducted at the Experiment Farm, Gevaih, Palestine, 1928"9. 
Florence Palestine Florence Wales Bunyip 



Source of 

No. 

No. 

O' 

o 

No. 

No. 

O' 

No. 

No. 

/f> 

No. 

inoculum 

plants 

infected infected 

plants 

infected infected 

plants 

infected infected 

1 

Aberystwyth, 

Wales 

22 

0 

0 

14 

0 

0 

12 

5 

41-6 

2 

Pullman, 

7 

0 

0 

_ 

_ _ 

_ 

15 

2 

13-3 


U.S.A. 










3 

Cosel, 

Germany 

— 

— 

— 

— 

— 

— 

7 

1 

14-3 

4 

Breslau, 

Germany 

39 

3 

7-7 

11 

1 

9-1 

29 

13 

44*8 

5 

Wageninj^en, 

42 

1 

2'4 

12 

0 

0 

34 

o 

5-9 


Holland 










6 

Landeskrone, 

32 

0 

0 

9 

0 

0 

28 

3 

10‘7 


Sweden 










7 

Lyngby, 

Denmark 

19 

0 

0 

4 

0 

0 

a 

1 

33-3 

8 

Zurich, 

26 

1 

3-8 

10 

0 

0 

21 

0 

0 


Switzerland 










9 

Palestine 

14 

0 

0 

7 

0 

0 

10 

0 

0 


The resistance of the Bunyip wheat variety was broken by nearly all 
the foreign collections used, with the exception of the Zurich collection. 
The bunt strain most virulent towards Bunyip was. as in the case of 
Florence, the Breslau collection, which caused an infection of 44*8 per 
cent. The next most virulent collection w^as that from Wales, producing 
an infection of 41 *6 per cent. The third strongest collection on Bunyip 
was that of Lyngby (Denmark), which cauvsed 33-3 per cent, infection. 
The Cosel (Germany), Pullman (U.S.A.) and Landeskrone (Sweden) col¬ 
lections induced a smaller, almost equal degree of infection (14*3, 13*3 
and 10*7 per cent, respectively). The lowest degree of virulence on 
Bunyip was shown by Wageningen, which induced only 5*9 per cent, 
infection. 

The Palestine bunt collection did not, as in former years, infect either 
Florence Palestine or Florence Wales. Even Bunyip, which in one of the 
former years was slightly infected, remained immune this year. The 
viability of the Palestine collection was proved by its capacity for in¬ 
fecting local wheat varieties sown on the next day. 
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The virulence of the collections in different countries. 

It may be of interest to compare the degree of virulence shown by 
the foreign bunt collections in Palestine with that shown in other countries. 
Thus, the Breslau collection, which was one of the mor(‘ virulent in our 
trials, was also the strongest of all the same six collections in Roomer's 
experiments. The second most virulent strain in our experiments was that 
from Zurich, a result differing from those of Roemer's experiments in 
which the Wageningen collection proved more powerful. In Tioerner's. 
experiments also the Pullman collection was the weakest, while the 
Jjyngby and Landeskrone collections, which showed no virulence towards 
three varieties tested in I’alestine, were stronger in Roeiner's experiments 
than the Zurich collection. The Wales collection, which failed to infect 
either of the Florence stocks used in the Palestine tests, was virulent 
enough in Miss Sampson's experiments(12) to infect the Welsh Florence 
sto(‘k. The reason for such a change is ^lifficult to explain, but climatic 
and ecological causes may perhaps be involved. 

Conclusions. 

A conclusive explanation of the cause of the immunity from, and re¬ 
sistance to bunt of Florence and Bunyip wheat varieties in Palestine was 
furnished by the results of three years' experiments. 

It was shown that their immunity is a lo(^al one and limited to the 
strain of T, tritin prevalent in Palestine, and possibly also to the Danish 
collection. The U.S. and Wales collections were able to infect Florence 
in the respective countries ( 12 , i«). The German. Dutch and Swiss collec¬ 
tions succeeded in breaking the immunity of the Florence and Bunyip 
varieties in Palestine. 

The Palestine collection of 1\ tritici may therefore be considered as 
a new strain. 

On the whole, the different foreign collections of bunt were found to 
maintain their virulence also in Palestine, where climatic conditions 
differ from those in the countries of origin. 

FiCological and climatic factors may, how’ever, have exerted some 
influence on the virulence of the foreign collections. Thus, the Wcdsh 
collection, which was sufficiently virulent to infect Florence in Wales, 
could not attack either the local or the Wales stock in Palestine. 

The writer wishes to express his indebtedness to Miss Kathleen Samp¬ 
son of the Welsh lUant Breeding Station, Aberystwyth, for her wheat 

Ann. Biol, xvii 47 
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varieties and bunt material. Special thanks are also due to Dr Th. Roemer, 
Halle-Sale, for kindly providing a set of European bunt collections, and 
to Dr Pinner, Head of the Breeding Division of the P.Z.E. Agr. Exp. 
Station, and his assistant Mr Malzif for helping me to carry out these 
experiments. 
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BACTERIAL DISEASES OF STONE-FRUIT TREES 

IN BRITAIN 

II. BACTERIAL SHOOT WILT OF PLUM TREES 


By H. WORMALD, D.Sc. 

(HoriicHUiiral Research Station, East Mailing, Kent.) 

(With mates XLIV-XLVII.) 

Introductiox. 

The subject of the present communication is a disease of plum trees 
which came under the author’s notice as long ago as 1923. The delay in 
publishing a detailed account of the results obtained is due to two causes. 
In the first place, although the organism causing the disease may be 
isolated without dillic'ulty from infected material, it apparently requires 
spe(iial environmental conditions for infection to be conspicuous, and 
unless these conditions prevail, inoculation experiments, carried out to 
test the pathogenicity of the organism, may give inconclusive results. 
The second cause of delay is owing to the fact that the organism shows 
a tendency to divert from the type when kept in cultivation. At first 
tliis was thought to be a result of imperfect isolation or of contamination, 
so that the purity of the cultures was in question, but it is now- believed 
to be a case of ‘'saltation ' or “dissociation." Such divergence from type 
in bacterial cultures is by no means rare, as recent papers on the siibji'ct 
have showm(:i, i, 7). 


The disease. 

A very brief account of bacterial wdlt has abeady appeared(lO, but a 
more detailed account is now desirable. Tow'ards the end of May 1923 
the author's attention was drawn to a number of Victoria plum trees 
gi'owing in nursery rows on the East Mailing Research Station. Most of 
the trees showed a wilting of one or more of the young green shoots. The 
trees had been w’ell cultivated and treated so as to make vigorous growth. 
They had been grafted low in 1922 and, during that year, each had pro¬ 
duced a stout stem about 6 ft. long. During the winter of 1922-3 these 
stems had been cut back about a foot, so that in May 1923 each tree had 

47--^2 
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a stem 5 ft. long and a head of five or six long green leafy shoots; these 
shoots, that normally would have developed into the main branches of 
the mature trees, were the ones killed back by this wilt disease. Although 
the shoots were long and stout they had grown quickly during a period of 
wot weather and were distinctly sappy. These conditions appear to be 
those conducive to epidemic infection, and in confirmation it may here 
be observed that in the inoculation experiments on young shoots, 
described below, successful inoculations resulting in wilting were ob¬ 
tained only on shoots growing rapidly in a moist atmosphere. 

Although bacterial infection spots were present on many of the leaves, 
the wilting of the shoots was caused by direct infection of the axis of the 
shoots, and not to infection through the leaves. On some infected shoots 
the terminal leaves though flaccid and drooping were still green. Many 
of the shoots bore a number of isolated, blackened, usually slightly 
sunken, spots, and these were evidently early stages of infection. vSmall 
spots (2 to 3 mm. in length) were elliptical, slightly sunken, and each had 
a dark (almost black) centre, surrounded by a paler zone which was 
bordered by a darker line (Plate XLV, fig. 4). The spots became elon¬ 
gated lengthwise to the shoots and often extended for several inches along 
one side (Plate XLV, fig. 3). On some shoots the lesion was wholly on 
one side, not girdling, and the apex of such a shoot, though not wilted, 
became recurved in consequence. 

A microscopic examination showed the blackened areas to be crowded 
with rod-shaped bacteria which oozed out in dense masses when a particle 
of the infected tissues was teased out in water. 

The disease bears a superficial resemblance to wither-tip of plum 
trees caused by the brown-rot fungus Sclerotinia cinerea (8). In each there 
is a discoloured area on the axis of the shoot, and wilting of that part of 
the shoot distal to the lesion. Bacterial wilt differs from wither-tip, 
however, in that the lesions typically originate on the axis and do not, 
so far as observations have gone, invade the shoots from infected leaves 
as in the brown-rot wilt. The bacterial lesions are more elongated, often 
several inches long, before girdling the shoots, whereas in wither-tip the 
lesions girdle while still short, so that the upper and lower limits are 
almost transverse to the axis. Microscopically the presence of the dense 
bacterial masses in the lesions is a diagnostic character of the bacterial 
wilt. 

The bacteria have not been observed to ooze out of the lesions as 
globules or slimy masses in the open, but if shoots are cut off, and kept 
with their cut ends in water, in an atmosphere saturated with moisture, 
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drops of a yellowish liquid may appear on the surface of the lesions and 
these drops swarm with bacteria. Plate XLV, fig. 5, shows a portion of 
one of these shoots after being kept with its lower end in a beaker of water 
and covered with a bell-jar for 48 hours. From one of these drops the 
organism was isolated and later proved to be pathogenic. 

After the observations recorded above were taken the infected shoots 
were removed from the trees, but in the following year the disease again 
appeared on the same trees, though less severe than in J923. 

This disease, associated with the presence in the lesions of the 
organism described below, has not been met with on naturally infected 
plum shoots since 1924, but lesions of a very similar nature, though less 
conspicuous, have been observed from time to time on plum trees. The 
organism isolated from these more recently observed lesions differs from 
that causing the shoot wilt described in the present paper in certain 
cultural characters and is indistinguishable from the bacterial canker 
organism which will be described in a later article. 


Inoculation experiments. 

The inoculation experiments have been carried out chiefly with the 
strains numbered as follows: 

A II, isolated in 1923 from a drop of bacterial ooze obtained from a 
naturally infected shoot which had been cut off and kept in a moist 
atmosphere for two days. 

A II R, isolated in 1928 from a lesion on a shoot which had been 
inoculated with A II. 

A V, isolated in 1924 from a lesion on a naturally infected shoot. 

Numerous inoculations have been made with these strains. Some of 
these experiments have failed to give positive results, and many have 
produced obvious lesions which, however, did not extend far and there¬ 
fore did not cause wilting. In the open it is not often possible to obtain 
the environmental conditions necessary for the infection to run its course, 
and under ordinary greenhouse conditions the shoots usually harden up 
so quickly that infection fails completely. Inoculations on shoots in the 
greenhouse have been successful only on young trees which were kept in 
a confined space, with a saturated atmosphere, for several days. The 
inoculation experiments described below were carried out on trees in the 
open unless the contrary is stated. 



728 Bacterial Diseases of SUme-fruit Trees in Britain 


On buds, 

20/6^. In March, just as the buds were swelling, five buds on one shoot 
were inoculated by placing a drop of bacterial suspension (in water) on 
each and puncturing the bud tlirough the drop. On a control shoot five 
buds were punctured without inoculation. Eighteen days later the 
punctured control buds had all grown out normally, except that some of 
the leaves showed mechanical injury due to the puncturing. All the 
inoculated buds were dead. Inoculations on uninjured buds gave negative 
results in this experiment. 


On leaves, 

25/19. Three leaves on each of four shoots of a tree in the greenhouse 
were inoculated at punctures, six punctures on each leaf ; leaves on four 
other shoots were punctured without inoculation. In G days aU the 
inoculated spots showed a narrow black border bounded by a yellow 
zone, 1 to 2 mm. wide. The control punctures showed a narrow pale 
border only and no yellowing. 

25/20. Six leaves on a tree in the open were inoculated at four 
punctures each. Six other leaves were punctured but not inoculated. 
Observations were made G weeks later when the control punctures were 
seen as holes up to 1 mm. in diameter, while the inoculated punctures had 
given rise to dead patches of tissue which had fallen or were about to fall 
away leaving ‘‘shot holes” from 2 to 10 mm. in diameter. 

26/10. Six leaves were inoculated on a tree in the greenhouse. On 
each of these leavers four drops of bacterial suspension were placed on one 
side of the midrib and four drops of sterile water on the other side of the 
midrib; a sterilised needle was then pushed through each drop puncturing 
the leaf. In 6 days each inoculated spot had a blackened margin, a 
feature not shown by the control punctures. On the 14th day the in¬ 
fected spots were 3 mm. in diameter and the dead tissues were by this 
time becoming separated from the healthy (see Plate XLVI, fig. 6). 

29/11. The strain used in this experiment was A II R (isolated in 1928 
from a shoot inoculated with A II); it had been in culture about a year 
when used in this experiment. Shoots on three plum trees were sprayed 
with a bacterial suspension of the organism; the leaves were not punctured 
or otherwise injured. An equal number of shoots on the same trees were 
sprayed with sterile water as controls. The results are shown in Table I. 

^ Each experiment is denoted by two numbers, the first indicating the year in which the 
experiment was carried out, the second being the serial number of the experiment. 
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Tree 

1 

2 


3 


Table I. 

No. of 8hoot>s 

inoculated Result 13 days later 

1 2 leaves show spotting 

5 1 or 2 leaves on each of the five 

shoots show spotting or “shot- 
holes” 

2 Each shoot shows five leav€^s 

with spots or “shot-hol<*s” 


The number of spots or “shot-holes" was one to eleven per leaf. No 
spotting was to be found on any of the control shoots. The organism was 
isolated from one of the spots as strain A II RR which in culture was 
found to behave as A II and A IIR. One of the infected leaves is shown 
in Plate XLVI, fig. 7. 


On the frvit. 

Inoculations on young green plums on trees in the greenhouse pro¬ 
duced sunken discoloured areas, extending round the points of inocula¬ 
tion, within a few days. One of these experiments, 24/3, is illustrated in 
Plate XLVI, fig. 8. A cluster of three jdums was selected. The middle one 
was punctured at two places but not inoculated; the other two were 
inoculated at punctures. In 7 days the inoculated spots had each a sunken 
discoloured zone extending 1 to 2 mm. from the punctures. The control 
spots showed brown cells only at the actual puncture. 

On shoots, 

24/1. Three shoots were inoculated at punctures made with the point 
of a scalpel, and two shoots were punctured without inoculation; each 
shoot was punctured at two places. Within 9 days the six inoculated 
spots had developed into blackened lesions from 0‘fi to 1-5 cm. long; the 
control punctures showed no discoloration apart from the browui dead 
cells bordering each. Further progress of infection w’as checked except 
at one inoculated spot where the lesion, 8 days later, w^as a black irregular 
streak, 3 cm. long. 

25/4. Eight shoots on a young plum tree w’ere each punctured at one 
spot; on four of the shoots the punctures were inoculated; the other four 
were not inoculated. At the end of 14 days each inoculated puncture had 
become a black elongated lesion about 4 mm. long, and the condition of 
inoculated shoots was as follows: (1) Shoot not seriously affected, lesion 
drying up. (2) Tip of shoot blackened and dead (Plate XLVI, fig. 9). 
(3) Distinct distortion of that portion of the shoot distal to the lesion. 



730 Bacterial Diseases of Stone-fruit Trees in Britain 

(4) Distortion above the lesion. The control shoots showed punctures 
only; there was no blackening and no distortion. 

25/11. Four shoots were inoculated and four were controls, each with 
one puncture. The inoculated punctures became black lesions 4-10 mm. 
long, causing distortion of the shoots within 12 days. 

25/13. Four shoots inoculated, four controls, as in Exp. 25/11. 
Inoculated punctures became lesions 5 to 10 mm. long in 9 days, with 
pronounced distortion in three of them. 

25/18. A young plum tree (var. Brompton) in the greenhouse had 
been cut back so as to induce vigorously growing shoots and the tree was 
kept in a moist atmosphere. Four shoots developed, two of these were 
inoculated, and two were controls, each with three punctures. In 2 days 
all the inoculated punctures had developed into blackened lesions 3 to 
5 mm. long and the two shoots vrere wilting towards the apex. On the 
6th day each of the inoculated shoots showed an infected portion about 
4 cm. long connecting the punctures and extending upwards and down¬ 
wards from the punctured region; the apical portion had collapsed while 
the leaf below the lowest puncture, and situated on the infected area, 
showed discoloration of the midrib and the main veins (Plate XLVII, 
fig. 10). 

25/21. Of nine shoots on a young plum tree, five were inoculated and 
four controls, one puncture on each. In 3 days all the inoculated shoots 
had black lesions 1 to 4 mm. long, the controls showing, at the punctures, 
a slight brown discoloration only. On the 6th day the tip of each of three 
inoculated shoots was wilting, in the other two there was a black lesion 
1 cm. long. One of the wilting shoots had a lesion extending along one 
side for 3 cm. downwards from the poixit of inoculation; this lesion 
eventually reached a length of 16 cm. (Plate XLVII, fig. 11). 

28/11. In this experiment strain A II was used. Five shoots were 
inoculated and five controls, each with one puncture. The weather was 
too dry for good infection, but in 15 days three of the inoculated shoots 
showed black lesions 3 to 10 mm. long with distortion of the shoots. From 
one of these lesions the organism was re-isolated as strain AIIR (used in 
Exp. 29/11 on leaves). 


On twigs and branches. 

On woody twigs and branches inoculations were made by inserting a 
drop of a bacterial suspension (in water) in a small cut in the bark. 

25/10. In April 1925 inoculations were made on one-year-old plum 
twigs. Four weeks later the inoculated spots had developed into sunken 
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areas extending 2 to 4 mm. above and below the points of inoculation. 
The lesions later became covered with callus, but not before some of them 
had developed into small cankers 1 to 2 cm. long and half girdling the 
twigs. Control wounds did not become sunken or elongated and soon 
became covered with callus. 

26/24. Inoculations made in October 192(5: on one tree two branches 
were each inoculated at two places, and on another tree four branches at 
one place each. In the following April the inoculated wounds had de¬ 
veloped into sunken areas of bark extending 1 cm. upwards and 1 cm. 
downwards from the point of inoculation. Gum was present on each 
inoculated spot. The control wounds showed no sunken areas of bark and 
no visible gum. In July the infected areas were small elongated cankers 
from 2 to 6 cm. long, but by this time they were covered or nearly covered 
with callus. 


On stems. 

Inoculations on stems with the wilt organism have usually produced 
some disturbance, but in no case has a large canker developed. 

2f)/3. In March five young plum trees were inoculated, three of them 
at two places, the other two at one place each; five trees were cut without 
inoculation. In April the bark was slightly sunken round the cuts on the 
inoculated trees. Later these inoculations developed into wide open 
lesions, 2 to 3 cm. long, glistening with gum, but by July they were 
covered with callus. The control wounds did not increase in size and 
were soon covered with callus. 

In another experiment (26/5) young trees in pots were similarly 
inoculated on the stems. The inoculations produced slight sinking of the 
bark round the wounds and copious gum. Control wounds became 
normally covered with callus; there was no sinking of the bark and very 
little or no gum. 

26/26. This experiment was carried out in October 1926 on the trees 
used for Exp. 26/3, the former woimds being completely healed by this 
time. The inoculations were made as in 26/3. The inoculated wounds 
developed into cankers 3 to 8 cm. long, some of them with gum; the 
control wounds healed normally without gumming. 

Discussion on results of inoculations. 

In the inoculation experiments recorded above infection arose only 
at wounds, except in one case where leaf-spotting was induced by spray¬ 
ing the leaves with a bacterial suspension. Even in the open, where 
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infection had arisen at a puncture on a shoot and there was opportunity 
for the organism to get washed by rain to other parts of the shoots, there 
was no clear evidence that infection had arisen anywhere but at the 
actual inoculated spot. Observations, on naturally infected shoots which 
have shown a number of lesions on a single shoot, have suggested that 
infection may arise without previous mechanical injury, but experiments 
have not yet confirmed this. Whether biting or piercing insects con¬ 
tribute in inducing infection is a point on which observations have not 
yet been made. 

Inoculations on the woody parts of plum trees have usually given rise 
to an exudation of gum at the inoculated wounds, while control wounds 
have become healed without any conspicuous gummosis, though occa¬ 
sionally a little gum appears. There is good evidence, therefore, that the 
bacterial wilt organism is one of the causes of gummosis, although this 
particular organism has not yet been found associated with naturally 
infected lesions on woody branches or stems of plum trees. 

Inoculations on woody twigs, branches and stems, when carried out 
in the autumn, have yielded more striking results than when made in the 
spring, but these particular experiments have not produced cankers 
severe enough to kill the parts distal to them. It was thought at first that 
a study of the bacterial shoot wilt would supply some evidence as to the 
cause of the so-called ‘‘die-back’’ disease of plum trees, especially as 
bacteria were associated with lesions found on trees showing die-back 
symptoms, and the fact that this organism can infect woody branches 
and stems (as shown by the inoculation experiments) lends some support 
to this. An organism that has been isolated from a number of dying trees 
differs from the one described here in certain cultural characters, and 
appears also to be more destructive when inoculated into branches and 
stems. A detailed account of the organism causing “bacterial canker'’ 
of plum trees is reserved for a future communication. 

Description of the organism. 

The organism which has been isolated from naturally infected shoots, 
and re-isolated from artificially infected shoots which had been inoculated 
with pure cultures, has the following characters. 

Morphology, Taken from 2-day-old cultures on nutrient agar slopes, 
fixed with formalin and stained with methyl violet, the organism is seen 
as rods with rounded ends 0*9 to 2*5/a long and 0*3 to 0-5/a wide in rods 
not showing constrictions. The rods show a tendency to cling together in 
chains of two or more, sometimes forming filaments; the longest filament 
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seen on sucli slides was about bOfi long. The organism stains well with 
methyl violet, carbol fuchsin, gentian violet, aniline gentian violet and 
rather faintly with methylene blue and bismarck brown. 

It is stained, but not deeply, by Gram’s stain, following the method 
given by Eyre^ and also by the “usual procedureusing aniline gentian 
violet or carbol gentian violet. 

The presence of flagella was demonstrated by Phmmer and Paine's, 
Gray's, and Moore's methods. There is usually one polar flagellum, about 
twice the length of the rod, but many rods show two or three. They are 
generally at one pole but, in the longer rods, they may be present at both 
poles, such rods probably being in process of dividing. 

Staining by Ribbert's method failed to show capsules, but on shdes 
stained by Plimmer and Paine's flagella stain it was seen that, in many 
individuals, the flagella were attached to a hyaline sheath surrounding 
the rod and not to the deeply stained body of the rod. 

No spores have been observed, and to prove their absence two tests 
were applied: (a) Tubes of nutrient broth were inoculated from cultures 
of nutrient broth and saccharose (5 per cent.), 5 weeks old, growing at 
room temperature: half the tubes were heated at 85'’ V. for 10 minutes, 
the other half were not lieated. All the tubes were then incubated. 
Growth appeared only in those tubes which had not been heated. 
(h) Bacterial slime was transferred from nutrient agar slopes, 7 days old 
at 25'' C., to nutrient broth. These w^ere heated at 85'' C. for 10 minutes 
after making transfers from them to other tubes as controls to show 
viability of the original cultures. All the control tubes produced growth, 
w^hile no growth appeared in the heated tubes. 

T.D.V. That the organism is killed by temperatures much lower than 
that used for testing for spores was shown in determining the thermal 
death point. Preliminary trials showed that the t.d.p. was in the neigh¬ 
bourhood of 45° C., so tests were carried out at temperatures of 44°, 45° 
and 46° C. Small test tubes (| in. in diameter) containing 3 c.c. of sterile 
water were inoculated from nutrient agar cultures 8 days old (at 25° C.) 
so as to make a slightly turbid suspension and heated at the temperatures 
mentioned for 10 minutes; tubes of nutrient broth were then inoculated 
from them. No growth appeared in nutrient broth inoculated from the 
tubes heated at 46° C.; nutrient broth inoculated from the tubes heated 
at 45° C. produced growth, but it was retarded compared with that in 
broth inoculated from the tubes heated at 44° C. Under the conditions 

^ Backriological Technique^ 2nd ed. 1913, p. 108. 

* Mamial of Methods, Society of American Bacteriologists, Supplement A, p. 7. 
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of the experiment 46® C. was the t.d.p. though 45® C. evidently had an 
adverse effect on the organism. 

Optimum temperature. This has not been determined with any degree 
of accuracy, but the organism has been grown simultaneously at (a) room 
temperature, 15®-18° C., (6) 20° C., and (c) 25® C. The organism has in¬ 
variably made most rapid growth at 25® C. and developed more vigorously 
at 20® C. than at room temperature. 

Cultural characters. 

The organism when growing in mass on agar slopes or plates is greyish 
or yellowish white, while on sterilised potato plugs the yellowish tinge is 
more evident. It must, however, be classified with the white organisms, 
as its yellowness is of a different order from that of the true yellow 
organisms such as, for example, Pseudomonas pruni, which attacks plum 
trees in America. 

It is strongly aerobic, as shown by the non-clouding of the liquid in 
the closed arm of fermentation tubes. Moreover, in liquid media, growth 
is at first most noticeable in the upper parts of the liquid, and usually 
a pellicle appears at the surface within a few days. 

The characters noted below are for cultures incubated at 25® unless 
otherwivse stated, except gelatin cultures, which were incubated at 20® C. 

Nutrient broth (Difco). There is a little cloudiness within 24 hours; in 
48 hours the cloudiness is more pronounced and a thin readily fragment¬ 
ing pellicle is present. Sometimes there is a very fragile pellicle within 
24 hours, but it is more evident if the cultures are left undisturbed for 
48 hours; on moving the tubes even slightly, the pellicle is then seen to 
fragment and fall in small flakes. 

Beef extract (from fresh meat) with peptone. Growth is very much as 
in nutrient broth, except that a distinct yellowish tinge appears in beef 
extract (not shown or only very faintly indicated in nutrient broth), so 
that the liquid eventually is almost lemon yellow in colour. 

In nutrient broth containing dextrose, lactose, saccharose (1 per cent.) 
or glycerine (2 per cent.) there is good growth, but in Durham’s tubes the 
growth does not extend into the inner, inverted tube, and no gas appears 
in the latter. 

Dextrose litmus broth. Reddening of the liquid appears in 2 or 3 days, 
indicating acid production; later there is reduction of the litmus and the 
liquid becomes yellowish. 

Lactose litmus broth. This medium shows an alkaline reaction within 
a few days; later there is reduction of the litmus. 



H. WORMALD 


735 


Saccharose litmm broth. There is generally a slight reddening within 
2 to 4 days, but later the reaction is masked by the reduction of the 
litmus. In tests where the tubes have been kept for a month or more the 
neutral purple colour has returned, the reaction sometimes becoming 
even more alkaline than control tubes. 

Glycerine litmus broth. Reaction slightly alkaline within a few days; 
later reduction of the litmus causes a yellowing of the liquid. 

Indicator broth. These above-mentioned sugars and glycerine were 
also used in broth cultures containing bromo-cresol purple and cresol red 
as a combined indicator for change of reaction; for comparison, tubes of 
nutrient broth containing only the indicator were also inoculated. The 
nutrient broth alone showed a slight alkaline reaction in 1 to 2 days, and 
this alkalinity was clearly seen within 4 days. The dextrose broth showed 
slight acid reaction in 24 hours and acidity was clearly indicated within 
a few days. Lactose broth became alkaline in a few days, the colour 
change being about equal to that in nutrient broth without sugar. 
Saccharose broth became acid within a few^ days, but later, as in saccharose 
litmus broth, there was indication that the reaction became reversed. 
In glycerine broth the reaction w^as alkaline, but not so clearly shown as 
in lactose broth. 

The reaction in broth with saccharose or glycerine was not clearly 
marked by the bromo-cresol purple and cresol red indicator, and it was 
masked by dichromatism, so that the reaction appeared to be an acid 
one by transmitted light and alkaline by reflected light. To avoid such 
dichromatism broino-phenol red^ W’as used as indicator. This showed the 
reaction more clearly, but tended to become very pale in cultures that 
maintained a reaction in the neighbourhood of 7. In the glycerine 
broth cultures there was definite alkaline reaction in a few’ days, and this 
persisted. In the saccharose broth cultures there was, on the whole, a slight 
acid reaction at first, follow^ed sometimes by a reversal of the reaction. 

This change from neutrality to acidity and reversal of the reaction 
w^as best showm, how^ever, by making use of the ‘‘capillator ’ method of 
testing for pH. Tubes of nutrient broth containing 1 per cent, saccharose 
were inoculated and incubated at 25^^ C’. It was found that samples 
sufficient for testing by this method could be removed without contamina¬ 
tion, by means of a large platinum loop, so that the same cultures could 

^ This indicator is recommended, in the Manual of MeOtods issued by the Society of 
American Bacteriologists, for replacing bromo-cresol purple when the latter gives trouble 
from dichromatism. The author was unable to obtain it in this country, but after consultation 
with Prof. H. J, Conn eventually obtained a sample from America. 
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be used throughout the experiment. A control tube remained sterile 
although samples were removed weekly over a period of 15 weeks. It 
was found that, at the end of the first week, there was a slight acid re¬ 
action which gradually increased during 4 or 5 weeks, after which the 
reaction was reversed and by the 10 th week after inoculation the in¬ 
oculated tubes were more alkaline than the control. The uninoculated 
medium changed very gradually from 6-9 at the beginning of the 
experiment to fVL 6*7 in 15 weeks. Of four strains tested the lowest pSi 
recorded was 5*8, in two others it was 6-3 and in the fourth 6 ‘C. 

Ntiirient broth -f- 5 cent, saccharose. The organism grows vigorously 
in this medium which has, therefore, been used for continuing the strains 
after isolation, transfers being taken at intervals of from 4 to 8 weeks and 
the cultures kept at room temperature. Such cultures tested with bromo- 
cresoi purple when 2 to 3 months old almost invariably gave an acid 
reaction. Thus in one set of cultures using nine strains, the reaction of 
the cultures in 10 weeks was from jr>H 5’2 to fv4 (control 7*0): in another 
series 5*4 to 6 * 6 . When the cultures are incubated at 25° C. there is 
distinct cloudiness in 24 hours; in 2 to 3 days the medium becomes more 
turbid and a pellicle is produced which when disturbed may fragment, 
or it may fall almost whole as a stringy film. After 4 weeks, if left un¬ 
disturbed, the liquid becomes clearer, but there is a whitish sediment and 
usually a rather firm pellicle. Cultures in this medium, whether incubated 
or kept at room temperature, assume a yellowish tint within a few 
days. 

The general conclusion drawui from these tests of sugars and glycerine 
in broth was that with dextrose tliere was definite acidity produced, with 
lactose or glycerine no acidity, and with saccharose slight acidity 
followed by a change to alkalinity. 

In Uschinsky’s solution (synthetic medium containing glycerine) 
there was some cloudiness and a readily fragmenting pellicle within a 
few^ days. A yellowish coloration appeared within 10 days; this was most 
pronounced in the upper part of the liquid, where growth was most 
vigorous. In the first test with this medium the phosphate used was the 
basic KjHPO^, and the medium w^as found to be on the alkaline side of 
neutrality (about 7*6). When the cultures were tested with bromo- 
thymol blue at the end of a month they were found to be more acid than 
the controls, their reaction being about 6 * 6 . In another test using 
KH 2 PO 4 as phosphate and then neutralising with NaOH, giving a medium 
of pK 6*8 after sterilisation, there w as found to be an alkaline reaction, 
the jyH of the cultures finally ranging in six strains from 7*0 to 7*6. 
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Nutrient broth + nitrate. Tubes of nutrient broth with 0*1 per cent, 
potassium nitrate were inoculated and tested for nitrite, some at the 
end of 14 days, others in 4 weeks, using for some tubes the starch-iodide 
test, for others the more delicate sulphanilic acid and naphthylamine 
test. The results were invariably negative, indicating that the nitrate 
was not reduced to nitrite. 

Tryptophane broth. Used as a medium to test for indol production. 
In this medium there was moderate growth, again with the formation of 
a fragile pellicle. The contents of the tubes were tested for indol by the 
Ehrlich-Bohme method when the cultures were 14 days old. The results 
were negative. 

Cohns solution. No growth was observed in this medium, except 
with one strain which showed a faint turbidity after 7 days. 

Milk, In plain milk the upper part of the liquid shows a slight clearing 
within 2 days, and this decreasing opacity of the milk is quite noticeable 
on the 3rd day. In 12 days there is a definite layer of whey about 1 cm. 
deep. A soft curd is produced; this is very gradually peptonised and does 
not completely disappear for some months. The final result (after about 
4 months) is a thick sediment, above which is a yellowish translucent 
liquid and at the surface a whitish ring or pellicle. 

Litmus milk. In milk tinged with litmus the clearing of the milk is 
seen to take jilace in definite layers, the colour assuming a deeper hue as 
the opacity of the medium deciM^ases. Usually three distinct layers can 
be seen within about 3 days, the colour being deepest in the uppermost 
layer. Gradually the litmus becomes decolorised, so that the tubes are 
very similar to the plain milk cultures, but later the colour may return. 
There is no reddening of the litmus. 

Purple milk (milk tinged with bromo-cresol purple). The general 
result is similar to that recorded for plain milk; the indicator present 
shows a slight reaction in tlie alkaline direction. 

Methylene blue milk, Iii this medium the colour began to fade wdthin 
2 days of inoculation, and on the third day the cultures were hardly 
distinguishable from control tubes. After a w’eek's incubation the colour 
had completely disappeared and whey was separating out above as in 
plain milk. On shaking the tubes there was some return of the colour, 
but this soon began to fade again. Three days later, wrhen again quite 
decolorised, the tubes were heated in boiling water for 2 minutes; on 
cooling the blue colour returned and persisted. 

Nutrient agar. In poured plates of nutrient agar the surface colonies 
arc just visible to the naked eye in 24 hours; they are about 2 mm. in 



738 Bacterial Diseases of Stone-fruit Trees in Britain 

diameter within 2 days and show no very characteristic structure except 
that, under a low power of the microscope, faint radio-gyrose markings 
are visible; the embedded colonies are lenticular, while those at bottom 
of the medium are circular, very faint, and translucent. 

Nutrient agar + b per cent, saccharose. This medium has been used to 
a considerable extent during the course of this investigation. Aderhold 
and Kuhland(i) made use of it during their study of the cherry organism, 
Bacillus spongiosus, and the present author found it to be a very useful 
medium for the isolation and preliminary identification of the shoot wilt 
organism. In poured plates colonies may be seen with the naked eye 
within 24 hours. In 48 hours the colonies show certain characteristic 
features, and these are looked for when new isolations are made. The 
plates are examined first with the naked eye, then with a hand lens (using 
oblique light with dark background, and also transmitted light^), and 
finally under a low power of the microscope (with a 1 in. or | in. ob¬ 
jective). The colonies assume three forms according to their situation in 
the medium; these are referred to here as (u) surface, (6) embedded, and 
(c) bottom colonies; the last are those which develop at the bottom of the 
plate where the agar is in contact with the glass. 

Typically in 48 hours at 25"^ C. the following characters are to be seen: 

(а) Surface colonies. 2-2*5 mm. diameter, pulvinate, circular and 
greyish white. With a lens (dark background) they appear cloudy l)ut 
somewhat granulose; with transmitted light they are punctuate cen¬ 
trally and radial lines can usually be seen. Under the microscope they 
are mottled or reticulate centrally, then there are close radial lines 
merging into a “shaded zone which usually shows a stippling or " wave 
structure denoting an uneven surface; towards the periphery gyi'ose or 
irregular lines project into a narrow hyaline marginal zone. The margin 
is slightly waved. 

(б) Embedded colonies. About 0*8 mm. diameter, seen with lens to be 
lenticular in shape, circular in surface view\ Under the microscope radi al 
lines are clearly seen when the surface of a colony is examined and they 
can also be made out in edge view. 

(c) Bottom colonies. 1*0 to 1*2 mm. diameter, faint, finely reticulate 
seen with lens. Under the microscope radial lines, with interconnecting 
lines forming a reticulation, are clearly seen. 

The above characters are best seen about the second day. As the 

^ The examination is made in front of a window and a dark sheet or curtain used as 
a background; for transmitted light the plate is held up to the sky. The plates arc examined 
from the underside without removing the lids. 



H. WORMALD 


739 


colonies increase in size they grow denser and the structural features be¬ 
come masked, but the radial lines can usually be made out for several days. 

In thinly sown plates the colonies reacli a diameter of about 2 cm. 
within a fortnight. Such colonies are rather flat but raised round the 
centre (umbonate). The margin is waved or provided with short flabelli- 
form lobes. 

The structure of the young colonies on nutrient agar 5 per cent, 
saccharose has been carefully studied for comparison with the description 
of B, spongioHUs given by Aderhold and lluhland. Certain characters 
given by them for that organism did not appear on these plates, and it 
was thought that the discrepancies might be due to differences in the 
medium. The nutrient agar that has been generally used in these tests is 
a proprietary (J)ifco) brand, but for comparison a nutrient agar prepared 
from an extract of fresh beef was also employed. The results, however, 
were very similar, the close radial lines becoming resolved into gyrose 
lines towards the periphery of the surface colonies, the radial lines of the 
embedded colonies, and the reticulation of the bottom colonies again 
being characteristic features. 

Nidnent gelatin. Stabs in nutrient gelatin result in crateriform lique¬ 
faction within 2 or 3 days. Boon afterwards the liquefaction becomes 
stratiform, and in a fortnight extends about 1 cm. downwards. Later 
the action is retarded, doubtless owing to the aerobic tendency of the 
organism; the gelatin in some cultures was not completely liquefied in 
3 montlis. 

In nutrient gelatin poured plates the surface colonies are 1 to 
1*5 mm. in diameter in 2 days, with an irregular margin; the embedded 
colonies are sub-splierical but vrith margin irregularly dentate in optical 
section. By the 3rd day the surface colonies are about 5 mm. in dia¬ 
meter and become sunken owing to the liquefaction of the surrounding 
gelatin. 

Nutrient gelatin -f- 5 jrw cent, saccharose. Poured plates of this medium 
have been prepared, using “nutrient broth” in some cases, in others beef 
extract as a base, the results being very similar. In 48 hours the surface 
colonies are about 2 mm. in diameter, irregular in shape, with a dense 
central region surrounded by a less dense clearer zone with very fine 
curled lines. The embedded colonies are sub-spherical with a dentate 
margin in optical section, and with faint reticulate markings. Later the 
surface colonies become more or less vacuolate and sunken in a shallow 
pit of liquefying gelatin. 

Sterilised potato plugs (room temperature). There is good grow^th along 

Ann. BioL xvn 4g 
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the streak which becomes greyish white or yellow (approximately honey 
yellow of Ridgway) in some cultures; this is accompanied by a bluish 
grey discoloration of the potato which extends right through the plug to 
the side not inoculated within 6 days; a distinct odour is given off. 

Media containing starch. To test for action on starch cultures were 
prepared in nutrient broth 0-03 per cent, rice starch (a medium used 
l)y Aderhold and Ruhland), in nutrient broth 4- 0*2 per cent, soluble 
starch, and on plates of nutrient agar soluble starch. There was no 
clear evidence that the organism had any action on starch. In the liquid 
media, when the cultures are a week or more old, if iodine is added drop 
by drop, the medium is stained, but if shaken the colour rapidly dis¬ 
appears unless excess of iodine is added. There is at first a reddish brown 
colour on adding the iodine gradually which may indicate a slight action 
on the starch, but if excess iodine is added the liquid of the inoculated 
tubes is stained as deeply as that of control tubes. 

Streaks were made on plates of nutrient agar *f 0*2 per cent, soluble 
starch; when the cultures were 7 days old they were flooded with iodine. 
There w^as a slight clearing of the medium immediately below the streaks, 
but the starch remained unchanged in the rest of the plate. 

Purple lactose agar. This medium is nutrient agar containing 1 per cent, 
lactose and tinted with bronio-cresol purple. In these tests it was usually 
employed for ‘"stroke” cultures on slopes in test-tubes. The medium 
showed an alkaline reaction within 24 hours of inoculation, the blue 
purple (jolour extending into the medium around and below the stroke. 
In 3 to j days the whole of the medium from the upper end of the slope 
to the bottom of the butt was blue purple in colour, and there w^as no 
reversal of the reaction in cultures kept for a month or moreh 

Carrot media. The organism growrs readily in carrot extract and on 
carrot extract agar. The carrot extract was used without adjustment of 
reaction and was found to be distinctly acid (pH about 5). Growing in it 
the organism produces turbidity and a pellicle within 2 or 3 days. If 
disturbed the pellicle readily fragments into flocculi, but a second and a 
third pellicle may be formed. 

On carrot extract agar the colonies are usually first visible within 24 
hours. The radial lines and gyrose markings noted for nutrient agar with 
saccharose are also a characteristic feature of the young surface colonies 

1 The persistence of the alkaline reaction is noted here because the bacterial canker 
organism, to which reference has boon made in this paper, usually causes a reversal of 
reaction in this medium, so that eventually the whole of the medium changes from purple 
to yellow. 



H. WORMALD 


741 


on this medium. When the cultures are about a week old the radio-gyrose 
markings of the surface colonies become replaced by relatively large 
granules, so that when examined with a lens or under the microscope the 
colonies appear grumose. 


Saltation, 

Colonies showing divergence from the type frequently occur in plate 
cultures of the plum wilt organism. In some strains they have appeared 
within about a year after isolation, in others they have not been noticed 
until the organism has been in culture for several years. In some cases 
the abnormal form has replaced the original type. 

These abnormal colonies have appeared in plates of nutrient agar 
with sugar and of carrot agar. That they are saltations from the type is 
suggested by the fact that the behaviour in culture of strains derived 
from such colonies shows no greater difference from the type than the 
various normal strains show among themselves, except with regard to 
the structure of colonies. Moreover, the structure of these colonies on the 
media mentioned bears some relation to that of the type. It has been 
shown that the characteristic features of normal colonies on these media 
are close radial lines, becoming resolved into gyrose lines towards the 
periphery. In the saltant colonies the radial lines of the type are repre¬ 
sented by very gyrose or curled lines, so that the radial structure is almost 
or completely lost. Such colonies can usually be distinguished with the 
naked eye by their being less dense than the type and by their somewhat 
irregular shape; view^ed with a lens (dark background) they are more 
granulose or speckled. 

This form has not yet been studied further, and it is not known 
whether it is pathogenic. 


I.)lSCUSSION. 

Several bacteria have been described as causing diseases in stone-fruit 
trees, viz, B. awylovorvs (Burrill) Trcv., Ps. (Bactenum) prmd E. F. 
Smith, B, spongiosys Aderhold and Ruhland, and P.v. ceraM Griffin. 

The present organism differs from B, amylovorus chiefly in morphology 
(arrangement of flagella). A detailed study of i?. amylovorus, the fire- 
blight organism, has not been attempted during this investigation, as 
it has received considerable attention by workers in America where it 
causes serious infection of fruit trees. Its group number as determined 
by Stewart (6) is 211*2322033, which is the same as that found for the 

48—2 
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organism under consideration. Apart from their morphology cultural 
differences also show that the two are not identical. A culture of JB. amy- 
lovorm was obtained from Dr E. F. Smith, and the two have been grown 
in parallel cultures. On nutrient agar + saccharose they have produced 
quite different types of colonies, while differences have been noticed in 
other media. 

Ps, pruni is definitely a yellow' organism and quite distinct from the 
shoot wilt organism. Rolfs(5) gave it the group number 211-2232523. 

Ps. cerasi is stated to be a green organism. Griffin (2), who named 
and briefly described it, found morphological resemblances with B. spon- 
giosus, but, in addition to its green colour, mentions certain cultural 
differences. Thus he whites: ‘‘I have not been able to obtain the ‘vacuo¬ 
lated’ or spongy appearing colonies in agar or gelatin containing grape 
sugar^.’’ 

B. sjjongiosus was named and described by Aderhold and Ruhland(i), 
who found it causing serious infection on branches and stems of cherry 
trees in Germany. The original organism seems to have been lost^, so that 
direct comparison with the plum wilt organism was not possible. Ader¬ 
hold and Ruhland’s description of the cultural characters of B. spongiosns 
is rather meagre, except with regard to the colonies in nutrient gelatin 
-f 5 per cent, saccharose and in nutrient agar with the same sugar. They 
emphasise the “spongy” structure of the colonies with the production of 
gum within the hollows of the “ sponge.” In embedded colonies of nutrient 
agar and sugar a characteristic feature of B. spongiosm is the presence of 
“Balken” giving a “Quallen” or jelly fish appearance to the colonies. 
These structures have not been seen in any of the cultures of the plum 
wilt organism; the characteristic markings of colonies of the latter on 
that medium are numerous fine radial lines, as mentioned earlier in this 
paper. B. spongiosm is also described as being stained faintly with the 
ordinary bacterial stains, as not curdling milk and as showing very weak 
growth in Uschinsky’s solution, features in which it differs from the 
present organism. It would seem, then, that the two organisms, though 
perhaps closely related, are not identical. 

The plum bacterial shoot wilt is caused therefore by a bacterium, 
which apparently has not previously been described. The name Ps, pruni- 
cola^ is proposed for it. Its “Group Number” is 211*2322033, and its 

^ Aderhold and Rnhland say cane sugar (“Rohrzucker”). 

^ The present writer got into communication with Prof. Ruhland who wrote to say that 
B. spongiosm had not been kept in culture. 

* According to the recent classification adopted by the Society of American Bacterio¬ 
logists its name would be PhyUmonas prvnicola. 
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Index Number” showing the “Primary Characters” according to the 
“Description Chart” of the Society of American Bacteriologists is 


5021-31100-0202. 


Summary 

A bacterial shoot wilt, observed at the East Mailing Besearch Station 
in 1923 and 1924, is described. 

A bacterium isolated from infected shoots has been shown by inocula¬ 
tion experiments to be the cause of the disease. 

The organism not only infects young green shoots, but experiments 
have shown that it can also cause leaf spots, and that it can induce 
gummosis and cankers on woody branches and on stems. 

Cultural studies of the organism suggest that it has not previously 
been described, so the name Ps, prunicola is proposed for it. 
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EXPLANATION OF PLATES XLIV—XLVIl 

PLATE XLIV. 

Figs. 1 and 2. Plum bacterial shoot wilt: natural infections showing the blackened lesions 
on the shoots and the wilting of the parts terminal to the lesions. 

PLATE XLV. 

Fig. 3. A narrow lesion extending through two internodes along one side: natural infection. 

Fig. 4. An early stage of infection: a yoimg lesion on a plum shoot, x 4. 

Fig. 5. An infected shoot after being kept in a moist atmosphere for 2 days. The drops of 
liquid were swarming with bacteria, x 4. 

PLATE XLVL 

Fig. 6. A plum leaf inoculated through punctures on the right of the midrib; control 
punctures on the left: result 18 days after inoculation (Exp. 26/10), 

Fig. 7, A plum leaf 13 days after being sprayed with a suspension (in water) of Ps. prunicola 
(Exp. 29/11). 

Fig. 8. The middle plum shows two control punctures; the other two were inoculated; each 
inoculated spot is surroimded by a sunken discoloured area. Result 7 days after 
inoculation (Exp. 24/3). 

Fig. 9. Plum shoot 14 days after inoculation (Exp. 25/4» shoot 2). 

PLATE XLVIl. 

Fig. 10, The two shoots on the right were inoculated at punctures with Ps. prunicola ; the 
shoots on the left were punctured but not inoculated. Result 6 days after inoculation 
(Exp. 26/18). 

Fig. II. Plum shoot one month after inoculation at a puncture; the tip is killed and there 
is a blackened lesion extending downwards through several internodes; the leaf at the 
lower end of the lesion has collapsed (Exp. 25/21). 


(Received May 26th, 1930.) 
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OBSERVATIONS ON LEAF FALL IN THE 
DOUGLAS FIR WHEN INFECTED WITH 
RHABDOCLINE PSEUDOTSUGAE SYDOW 

By a. B. brown, B.Sc. 

[From, the Mycologiail Department, University of Edinburgh.) 

(With Plate XLVIII.) 

Introduction. 

The needle-cast disease of the Douglas fir caused by the ascomycctous 
fungus Rhubdodine Pseudotsugae Syd. was first described by Weir (5) in 
America in 1917. In 1926 Wilson and Wilson(C) described an epidemic 
of the same disease in the South of Scotland, and the following account 
of the disease is essentially that given by those two investigators. There 
is reason to believe that the diseavse was introduced into Scotland prior 
to 1914, but it did not become serious until 1922. 

In this country only two distinct varieties of the Douglas fir are 
commonly attacked, viz. the Blue Douglas, Pseudot^nga glauca Mayr, 
and an intermediate form which has provisionally been regarded as 
Ps, Dougla^ii var. caesia Schwerin. Of those two forms infection is most 
severe in the intermediate variety. The Green Douglas— Ps. DoitglasU 
Carr.—is rarely attacked in this country, and only then to a very slight 
extent (1). The young leaves are infected during the summer and apothecia 
are developed in the following spring. After the spores have been shed, the 
infected leaves drop off the tree, i.e. when just over 12 months old. The 
exact mode of infection of the leaf has not been determined, but after it 
has taken place a mycelium of colourless septate hyphae is developed in 
the leaf, but does not pass back into the shoot. The cells of the infected 
area die, the contents become brown and there is a marked decrease in 
their starch content. About March the hyphae become more abundant 
towards the low’^er surface of the leaf, just below the two bands of stomata, 
and it is here that the apothecia are ultimately formed. The apothecia are 
purple brown and elongated, at first covered by the epidermis but later 
opening by a longitudinal slit, disclosing the orange-coloured hymenium, 
which consists of asci and paraphyses. The ascospores are mature by the 
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middle of May and infect the young leaves which have just emerged from 
the bud. 

The object of this investigation w^as to establish as far as possible 
how and why needles infected with /?. Paeudotsugae fall prematurely. The 
most obvious method of investigating the problem was to compare the 
abscission mechanism in healthy and infected leaves. The importance of 
physiological factors was, however, soon apparent, and in this respect 
several determinations were made of the water content of healthy leaves 
of different ages and of diseased leaves. 

Anatomical stuj)Y of the abscission mechanism in the 
Douglas fik. 

The anatomy of leaf fall in the genus Paeudoisygd has already been 
shortly described by Neger and Fuchs (4), and the following, which is a 
somewhat more detailed account, confirms the work of these two in* 
vestigators. 

The anatomical structure of the abscission mechanism of the Blue, 
Green and intermediate variety of the Douglas fir was found to be exactly 
similar. The lamina of the needle joins the shoot by means of a short 
indistinctly defined petiole. Longitudinal sections, through the vascular 
bundle of the leaf base, including part of the shoot, reveal the following 
structures. At the point of junction of the petiole with the shoot and on 
the abaxial side, a single layer of thick-walled, pitted, lignilied (‘ells, 
containing simple crystals of calcium oxalate, stretches from just under 
the epidermis to the vascular bundle. On the adaxial side a similar layer 
of cells is present, but stop short some distance from the bundle (Plate 
XLVIll, fig. I, Lig.L,), All the tissues distal to the lignified layer belong 
to the leaf and can be distinguished as follows. Adjacent to the thick- 
walled lignified cells, and having a similar distribution between the 
epidermis and the vascular bundle, is a band of comparatively thin- 
walled cells, two to three layers in thickness, both on the adaxial and the 
abaxial side of the petiole. These cells are small, densely protoplasmic, 
and each contains a large nucleus. The cell walls are permanently cellu- 
losic and the epidermal cells dip markedly into the cuticle, which is thus 
much thinner here than at any other point. These thin-w'alled cellulosic 
cells just described constitute the true abscission layers (Plate XLVIII, 
fig. 1, Ab.L,). Distal to the abscission layers the cells arc larger, thicker 
walled and elongated in the direction of the length of the leaf. The epi¬ 
dermal cells and three to six layers of sub-epidermal cells are strongly 
lignified (Plate XLVIII, fig. 1, Hyp.L.), conatituting a rigid cylinder, the 
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strength of which accentuates the weakness of the abscission layers. On 
the abaxial side the endodermis is quite distinct and is completely ligni- 
fied—in the lamina its outer tangential walls are not lignified. A lining 
layer of suberin can also be detected in the endodermal cells. A few 
cells, external to the endodermis on the abaxial side of the leaf base, 
also show more or less complete lignification, with not infrequent simple 
pits. On the adaxial side the endodermis is not well defined, the cell walls 
are thin and not lignified but suberised. Between the vascular bundle 
and the lignified epidermal and sub-epidermal cells on the adaxial side 
the cells are large, irregularly arranged, thin-walled, with a lining layer 
of suberin in many cases, and with scant protoplasmic contents. 

On the proximal side of the thick-walled lignified cells at the base of 
the leaf, the cells are strongly suberised and are characterised by a greater 
or less infiltration of resin, which takes the lignin stains, and the presence 
vrithin them of simple crystals of calcium oxalate. This constitutes a pro¬ 
tective layer which is continuous with the stem periderm (Plate XLVIII, 
fig. 1, and extends on all sides right up to the leaf trace. On the 

adaxial side, the phellogen is particularly active in the area between the 
vascular bundle and the point wher<‘ the thick-walled lignified cells 
terminate (Plate XJjVIU, fig. I, Pro.L.). Thus, at the base of the petiole, 
there is a band of thin-walled permanently cellulosic cells, where abscis¬ 
sion ultimately takes place, bounded above and below for most of its 
length by thick-w^alled lignified cells. Moreover, the vascular bundle is 
narrowest at the junction of needle and shoot. 

In the above description no mention has been made of the age of the 
needles. All the tissues described are laid dowm very early in the develop¬ 
ment of the leaf, and can be seen in sections of needles taken quite near 
the apical bud. No further modification takes place as the needle gets 
older, except in the extent of development of the protective layer and 
the production of resin in the cells of this layer. In any individual branch 
the extent of the protective layer becomes proportionally greater as the 
leaves get older (Plate XLMII, figs. 2, 3 and 4). But if the protective 
layers in leaves of the same age but from different branches on the tree 
are compared, it may be found that variation occurs as regards the actual 
amount of corky tissue comprising the protective layer. To take a par¬ 
ticular example—two branches were obtained from the same Green 
Douglas fir. One, a fi-year-old lateral, was procured from fairly high up 
the tree. This branch bore no leaves over 5 years of age, while some of the 
4-year-old leaves had already fallen. The other branch, a lO-year-old 
lateral, was taken from much lower down the tree, where the light 
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intensity was not so high* The diameter of this branch was much less than 
that of the other in internodes of the same age and the internodes were 
longer. The needles, however, remained on the branch for 8 years, but 
were beginning to fall in the seventh year. It was found that the pro¬ 
tective layer in the 8-year-old needles from the shaded branch was not 
nearly so strongly developed as that of 5-year-old needles from the branch 
higher up the tree. There was also a corresponding variation in younger 
leaves from the two branches. 

Examination of the abscission layers in the oldest leaves in mid¬ 
winter and during the spring showed, in a few cases, that the cell walls of 
the permanently cellulosic layers had become distinctly swollen and that 
the cells themselves were separating from each other, due, no doubt, to 
solution of the middle lamella. But these leaves were still attached to 
the tree, and it seems as if the needles are capable of hanging on to the 
tree in this condition for some considerable time. 

Rupture of the cuticle and of the vascular bundle is brought about by 
mechanical agencies. The cuticle, however, might rupture on contraction 
of the tissues due to desiccation. After the leaf has fallen the open end 
of the vascular bundle is exposed, while the cortical tissues are protected 
by the band of thick-walled lignified cells and the underlying corky tissue. 
Some time after leaf fall the cork cambium dips down and cuts through 
the vascular bundle some distance from the exposed surface (Plate 
XLVIII, fig, 7). In this way the inner living tissues are completely pro¬ 
tected by an unbroken periderm. The production of this phellogen, which 
cuts through the bundle, may be related to the entrance of air by way of 
the exposed surface of the vascular bundle. The cells of the occluded part 
of the bundle die and become filled with resin. Nothing of the nature of 
tylosis or blockage of the tracheids before leaf fall has been observed. 

Anatomical study of infected leaves. 

The mycelium of the fungus is confined to the lamina of the needle, 
and in no case have hyphae been observed in the petiolar region. There is 
absolutely nothing of the nature of an antagonism between the fungus 
and the host at the point of union of leaf and shoot. This differs entirely 
from the state of affairs that obtains in the case of spruce (Picea ejccelsa) 
needles infected with Lophodernum macrosjxtrum. Examination of a 
limited amount of preserved material of diseased P. ewcelsa showed that, 
in this case, there is undoubtedly an antagonism between the fungus and 
the host at the point of union of the leaf with the leaf cushion. Just at 
this point there is a single layer of thick-walled cells stretching from the 
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epidermis right up to the vascular bundle on all sides. These cells are 
markedly suberised and appear to form an impassible barrier to the 
fungus, which is thus confined to the leaf. The cells immediately distal to 
this suberised layer are obviously modified by the presence of the fungus 
in so far as the cell walls take on a very dark colour which is visible to the 
naked eye as a black ring round the base of the leaf, where it joins the 
leaf cushion. These observations confirm the work of Neger(3) on this 
subject. 

In the lamina of the infected Douglas fir needle the endodermis is 
particularly heavily infected by the fungus on the abaxial side, but 
hypliae have not been observed within the endodermis. Infected leaves 
are somewhat thinner than healthy leaves, due, no doubt, to the destruc¬ 
tion of the protoplasm of the leaf cells, with consequent loss of turgidity. 
Sections were cut to see if the fungus had any effect on the thickness of 
the cuticle, but no difference between healthy and infected leaves of the 
same age could be detected. 

The appearance and staining reactions of the tissues of the leaf base 
vrere exactly similar in infect<Ml and healthy leaves (Plate XLVIII, 
figs. 6 and fi), but infected needles fall prematurely when just over a year 
old. The limited extent of the fungus in the leaf and the absence of any 
anatomical modifications of the tissues are convincing evidence of the 
importance of physiological fact ors at work in bringing about the ultimate 
pathological condition of the Douglas fir host. The structure of the leaf 
scar is in no way different, after the needles have fallen from the normal 
scar, except that the corky protective layer is not so strongly developed. 

The possibility of the production of toxins by the fungus, as the causal 
agent in defoliation, has been considered, but in the opinion of the writer 
this is improbable, firstly, because in the diseased leaf definite areas of 
infection can often be recognised between which the cells of the leaf 
appear to be quite normal; and secondly, because in the true abscission 
layers themselves the cells are in no way different from those of healthy 
leaves. 

Water content experiments^. 

The average weight of leaves used in these determinations was about 
10 gm., and in any single experiment the leaves were taken from the same 
lateral branch of the main shoot. The water content was determined by 

^ Tor these experiment the author was unable to obtain healthy material of the inter¬ 
mediate variety of the Douglas fir— Ps, Poufflaitii var. caesia —but the results show that a 
comparison of the water content of leaves of the same age from the Green, Blue and inter¬ 
mediate varieties is quite justified. 



750 Observations on Leaf Fall in the Douglas Fir 

heating a known weight of leaves in an electric oven, at a constant tem¬ 
perature of 105° C,, until successive weighings showed that all the water 
in the leaves had been driven off. The results of these experiments are 
shown in Tables I and II. 

In the healthy tree (Table I) there is, on the whole, a gradual decrease 
in the water content of the leaves as they get older. The water content of 
the 1-year-old leaves is always the greatest. 

Table 1. 

Water content of leaves from healthy trees. 

Water content 

Date of 

Tjocation collection 1 year 2 years 3 years 4 years 5 years 6 years 
R.B.G.* 29. X. 28 62 60-88 59-06 57-94 — — 

„ 14. xi, 28 61-89 60-61 56-22 59-96 59-88 57-78 

6.xii.28 64-14 63-54 61-82 61-05 60-37 58-97 

Glentress 20. xi. 28 59-64 58-79 56-69 55-76 56-41 56-97 

Peebles 

R.B.G. 15. i. 29 59-79 56-84 54-78 55-62 53-85 53-63 

* R.B.G. - Royal Botanic Garden, Edinburgh. 

In the diseased tree it is the l-year-old or current year's leaves that 
are infected and, as is shown in the first part of Table II, which presents 
the results obtained before the apothecia had opened, the water content 
of the infected leaves is distinctly lower than that of healthy leaves of the 
same age, whereas the water content of the older non-infected leaves 
from diseased trees is similar to that of leaves of the .same age from 
healthy trees, Moreover, in the diseased trees the water content of the 
infected leaves is lower than that of any other leaves present on the 
tree. 

As has been already stated, there is no obvious difference between the 
cuticle of healthy and diseased leaves of the same age, but sections of the 
infected needles used in the experiments recorded in Table II showed that 
the mycelium had begun to aggregate under the two bands of stomata on 
the underside of the leaf in preparation for the formation of apothecia, 
and in some instances hyphae were observed within the stomatal ca\dty 
and protruding almost to the exterior. Hyphae have not been observed 
in the guard cells. It may be that, after infection has proceeded so far, 
the stomata are no longer functional and are unable to control transpira¬ 
tion. Moreover, the presence of abundant hyphae in the sub-stomatal 
cavity greatly increases the surface area of that region, so that excessive 
transpiration is quite understandable. 


Species 

Pmdotsuga 

Douglasii 

99 

99 

Pseudotsuga 

glauca 

f* 
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Table II. 


Water content of leaves from, diseased trees before and after the fructifications 
have opened. (The l-year-old needles only are infected*.) 

Water content {%) 


Species 

Location 

Date of 
collection 

f 

1 year 

2 years 

3 and 4 
years 

5 and 6 
years 

Remarks 

Pa. Dougldsn 

GlentreiiB 

4. ii. 29 

52*70 

Defoliated 

58*32 

57*24 

Fructifications 

var. cama 

»» 

Peebles 


52*24 


55*12 

56*65 

closed 


,, 


53*31 

99 

56*02 

5.5 46 


>» 

»» 


52*74 

99 

54*62 

55*57 




29. iii, 29 

50*53 


58*31 

58*81 


»» 

„ 


53*14 

99 

56*32 

56*14 


»» 


rt 

50*92 


55*74 

54*66 


Pa. Douglasu 

Glentress 

24. V. 29 

50*56 


56*42 

58*52 

Fructifications 

var. caeam 

*1 

Peebles 


53 33 


57*32 

59 14 

open 

ff 

„ 

91 

46*01 


56*13 

r>602 



* The material used in these experiments bore practically no 2-year-old leaves, due to 
the fact that the trees had been heavily infected the previous year with subsequent more 
or less complete defoliation of the infected growth. 


Thrive water content determinations were made after the apothecia 
had hurst through the epidermis, the results of which are shown in the 
second part of Table 11. In only one case is there any appreciable drop 
in the water content of the infected leaves, otherwise the results are 
similar to those obtained before the apothecia had reached maturity. 

It is interesting here to note the results of Gallow'ay’s{2) work on the 
leaf-cast disease of Pivus rirgimmia due to the rust fungus Gallowaya 
pini Arth. He found that before the fungus ruptured the tissues the 
diseased areas lost less w^ater than the healthy portion of the leaf, due to 
the permanent closing of the stomata over the diseased areas. As soon 
as the fungus ruptured the tissues, however, evaporation increased about 
one-fifth above normal. In consequence of this the reserv^e water in the 
cells was gradually used up, with a subsequent loss of turgidity of the 
tissues. This w’as followed by other physiological changes which led to 
the gradual death and casting of the leaves. In the case of i?. Pseudo- 
tsugae, however, the fungus does not cause the stomata to close per¬ 
manently. In fact, for some time before the fungus brings about a 
rupture of the tissues, the mycelium is densely aggregated in the sub- 
stomatal cavities, and in sections can often be seen protruding outside 
the stomata altogether. This suggests that the stomata are permanently 
open, a fact which would help to explain the marked drop in the water 
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content of diseased leaves, prior to the rupture of the tissues, and the 
absence of a further drop when the apothecia are mature. 

A consideration of Table II reveals just a suggestion that the water 
content of healthy leaves nearest the infected areas may be affected by 
the presence of the disease, for in five out of the ten determinations made 
the water content of the 6- and 6-year-old leaves is greater than that of 
the 3- and 4-year-old leaves by amounts varying between 0-5 and 2*1 per 
cent. Many more determinations would need to be made, however, 
before anything conclusive could be available in this respect. 

Discussion of results. 

In investigating a problem such as this, there is a tendency to draw 
one's conclusions as to the factors at work in the abnormal, i.e. the 
diseased, host from one's knowledge of the normal. But fundamentally 
there is no logical reason to suppose that processes in the abnormal 
should not reveal, or at least give a clue to those acting in the normal host. 

This study has shown that the abscission layers and associated tissues 
are laid dovru very early in the development of the leaf. No further 
modification takes place, except in the extent of development of the 
protective layer which increases proportionally as the leaves get older. 
It has also shown that the protective layer varies in leaves of the same 
age from the same tree, and that the development of the protective layer 
just before leaf fall is by no means constant. Hence it would appear that 
the extent of development of the protective layer is dependent on external 
growth conditions and has no causal relationship with leaf fall. 

In nature the leaves do not fall in strict progression in respect to age, 
which suggests that leaf fall is not due to the completion of an abscission 
mechanism from the histological point of view. This idea is further 
strengthened by the fact that, in the diseased host, the infected leaves 
fall when just over a year old, with no abnormality of the abscission 
layers. Moreover, the complete defoliation of infected leaves is adequate 
proof that the abscission mechanism is efficient at an early stage in 
development of the leaf under certain physiological conditions, and this 
idea can probably be extended to the normal host also. 

To say that the defoliation of infected leaves of the Douglas fir is 
ultimately due to physiological factors is practically a confession of 
ignorance of the causal factors involved, and the author does not pretend 
to think that any satisfactory explanation on physiological lines is forth¬ 
coming from this investigation. All he is prepared to say is, that the 
presence of R. Psmdotaugae brings about a marked decrease in the water 
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content of infected leaves, which decrease is probably of a causal nature 
in the ultimate pathological condition of the Douglas fir host. That there 
is a correlation between the water content of the leaves and leaf fall 
seems obvious from a consideration of Tables I and 11. It has been shown 
(Table I) that, in the case of the healthy Douglas fir, as the leaves get 
older there is a gradual decrease in the water content. The possibility that 
this decrease is an instrumental factor in leaf fall is, if anything, strength¬ 
ened by the fact that there is no strict successional defoliation in respect 
to age, and also by the fact that the abscission layer and associated tissues 
are completed at a very early stage in the development of tlie leaf. Also, 
it has been shown (Table II) that infection with R, Pseudotsugae brings 
about a marked decrease in the water content of affected leaves. Bearing in 
mind that it is only 5-year-old leaves that are infected, that the abscission 
layers and associated tissues are not invaded by the fungus, and the 
subsequent complete defoliation of infected leaves, it seems impossible 
not to admit of the intimate relationship between water content of the 
leaves and leaf fall. 

Summary. 

]. In the Douglas fir the abscission layers and associated tissues are 
laid down early in the <levelopment of the leaf. 

2. The extent of development of the protective layer has no causal 
relationship with leaf fall. 

II. Infection w'ith R, PiteudoUsugae brings about a marked decrease 
in the water content of infected leaves. 

The abscission mechanism is efficient at an early stage in the life 
of the leaf, provided the necessary physiological conditions are present 
and R. Pseudotsugae is capable of providing these conditions. 

The author wishes to express his indebtedncvss to Dr Malcolm Wilson 
for his valuable supervision of the work and criticism of the manuscript. 
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EXPLANATION OF PLATE XLVIll 

Fig. 1, Diagram of longitudinal section of leaf base of the Douglas fir. x 75. Lig.L. 
Thick walled pitted lignified cells at point of union of leaf and shoot. Ah,L, Perman¬ 
ently ceUuIosic layers where abscission takes place. Hyp,L, — Ridge of epidermal and 
hypodermal lignified cells. Pro.L, — Protective layer at point where the phellogen is 
most active—on the adaxial side of the vascular bundle. Sl,Pd, ™ Sttmi periderm. 
End, = Endodermis. F.if. “ Vascular bundle. 

Fig. 2. Diagram of longitudinal section of a 1-year-old leaf base of the Douglas fir. x 60. 

Fig. 3. Diagram of longitudinal section of a 6-year-old leaf base of i he Douglas fir, x 60. 

Fig. 4. Diagram of longitudinal section of an 8-year-old leaf base of the Douglas fir. x 60, 

Figs. 2, 3 and 4 w^ere drawn from material obtained from the same branch. They show the 

development of the protective layer {Pro,L.) as the leaves get older. 

Fig. 5. Ps, Douglcuni var. caeaia —microphotograph—longitudinal section of a 1-year-old. 
disease free, leaf base, x 70. Lott/oring as in Fig. 1. 

Fig. 6. Ps. Donglctsii var. caesta —microphotograph—longitudinal section of a 1-year-old 
leaf base mfected with R, Pseudotsvyae. x 70. Ijettering as in Fig. J. 

Fig, 7. Microphotograph, longitudinal section of a leaf scar of the Douglas fir in a 5-year- 
old internode, x 70. V.B. ~ Occluded part of vascular bundle. Ph. ~ i*hellogen. 


(Received March 14^4, 193D.) 
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PLATE XLVIll 



iiUOWN. <)hskh\ ationh on Li-:\p Faia. in thk J)uroi.\s Fir whkn* infected with Rh 
r//\/- Rsij nnisiu it Sydow (pp. 745-7i)4). 
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CARBON DIOXIDE IN RELATION TO GLASSHOUSE 

CROPS 

PART V. AN ANALYSIS OF THE RESPONSE OF THE 
TOMATO CROP TO AN ATMOSPHERE ENRICHED WITH 
CARBON DIOXIDE 

By H. L. WHITE. 

{Experimental and Research Station^ Cheshinit, Herts,) 

(With 3 Text-figures.) 

Experiments showing that increased crops of tomatoes may be obtained 
by enriching the atmospheres of glasshouses with carbon dioxide emitted 
from a stove have been described in a previous paper (3). A glasshouse 
partitioned into six chambers, each 15 ft. square, and containing 50 
tomato plants was used for these experiments. In those chambers in 
wliich tht* percentage of carbon dioxide in the atmosphere was increased, 
special fuel was burnt giving a concentration of 0-18 per cent, carbon 
dioxide or six times normal for at least hours twice daily. Detailed 
obsfTvations were made in one of the chambers so treated, and in two 
control chambers. The method employed was to make observations of 
the dates of opening of the flovrer, pollination, ripening of the fruit, etc,, 
of each blossom on six plants per chamber, which w’ere marked in random 
positions at the beginning of the season and considered representative 
of the chamber. In the cases of quality of fruit and truss development 
additional data are available and given for all the chambers. The treated 
chamber gave an increase in crop of 17’1 per cent, over one control 
chamber and 18-0 per cent, over the other. The present paper records an 
analysis of this average 17-5 per cent, increase which is the result, as may 
be expected, of a number of components all contributing to increased 
yield. 

A brief preliminary explanation is necessary of the terms '‘matura¬ 
tion period” and "upper and lower trusses” used in explaining the data 
presented. The conception of the "maturation period” is due to Bewley 
and Corbett (1) in whose paper a fuller description may be found. 
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Maturation period. 

The term ‘‘maturation period'’ is applied to the period between the 
opening of the blossom and the ripening of the fruit. The average period 
for the fruits of difFerent trusses of the tomato varies, being shortest for 
the second and third trusses. Within each truss the maturation period 
does not, as might be expected, lengthen gradually from the basal to the 
apical fruits in correlation with the opening of the blossom. It is rela¬ 
tively constant for the basal fruits of each truss, and there is then a well- 
marked interval of from 15 to 25 days during which the remaining fruits 
hitherto small, unswollen and thus easily distinguishable, liang and none 
reach the ripened stage. By the “ripened stage'’ is meant tliat at which 
the fruit is picked for market. It is denoted by the lirst appearance of the 
orange-red pigment of the fully ripe fruit. Finally the maturation p(»riod 
of these apical fruits is again relatively constant. For convenience these 
two classes of fruits w'ill be termed “normal” and “retarded." The 
number of fruits that ripen normally or become retarded vary with the 
individual and with the truss. 

Table I gives examples of the maturation periods found for single 
plants grown under normal commercial conditions. 

Table 1. 


Maiuralion period in days. 


Fruit 

Plant 63 
IVuss 3 

Plant 66 
Truss 3 

Plant 68 Plant 63 
Truss 3 IVuss 4 

Plant 66 
"JVuss 4 

IMant 67 
Truss 4 


I 

64 

57 

53 

49 

63 

56 


2 

62 

57 

53 

50 

56 

59 


3 

64 

66 

57 

54 

53 

57 


4 

66 

60 

56 

65 


79 


f) 

55 

59 

58 

83 

86 

86 


6 

56 

91 

88 

83 

133 

93 


7 

69 

89 

87 

85 

104 

93 


8 

85 

96 

154 

84 

95 

105 


9 

88 

91 

142 

98 

106 

104 


10 

103 

89 

141 


113 

— 


11 

— 

— 

139 


— 

— 


Truss... 

1 2 

Table 11. 

Maturation -period in days. 

Each value is the mean of 24 plants. 

3 4 5 6 7 

8 9 

10 

Normally ripened 

5575 65 

54-75 

55 60-5 

66-6 

64 

64-6 66-5 

661S5 

fruit only 

Normal and re- 

59-25 65 

72-5 

74-75 71-26 

69 

67-5 

67 67-75 

66-26 

tarded fruit 

DiffereruHj 

3'5 10 

17-75 

19-25 10-75 

2-6 

3-6 

2-6 1-25 

±0 
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Table II shows the average maturation periods for the separate trusses 
calculated with and without the inclusion of the retarded fruits, the 
difference being a measure of the relative importance of the maturation 
period for different trusses. 

Significance of ‘‘upper” and “lower” trusses. 

By the time a tomato plant of the variety usvd for these experiments 
is maturing the fruit on the five first-formed trusses, the total amount of 
fruit developing is such that the next few trusses develop and set badly 
and yield a poor crop. It has been found that by “stopping” or cutting 
out the terminal bud, the period of the ripening of the five bottom trusses 
as a whole is shortened, presumably by the diversion of material which 
would otherwise have gone into the sixth and seventh trusses. Later 
trusses are borne on a side-shoot that takcvS the place of the leader. In 
these experiments the main shoots of the plants used were treated in 
this way. 

The crop of a plant gi'own under these conditions may thus be broadly 
divided into that obtained from trusses 1-5 (termed the ‘'lower trusses“) 
and that from truss b onwards (termed the ‘‘upper trusses”). 

The greater jiart of the yield picked from the lower trusses is obtained 
from trusses 2, 3 and 1, since trusses 1 and 5 tend to be weak trusses for 
reasons which will be discus.sed later. 

The crop from the upper trusses reaches maturity at a period of the 
season when the pri(’es are low, and the yield from these trusses is much 
less, both in weight and in value, than that obtained from trusses 2, ^ 
3 and 4. 

Effect of carbon dioxide on the maturation period of 

NORMAL FRUIT. 

Table III a and Fig. 1 a show that the maturation period of the normal 
fruit of trusses 1, 2, 3 and 4 is slightly lower for the treated plants. 


Table Ill A. 

Maturation 'period in days. 
Calculated omitting “retarded apical” fruit. 


Truss... 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Average of control 
chambers 

55 

54*5 

55 

54-5 

m 

67 

64-5 

64 

66-5 

06-5 

Treated chamber 

53 

52 

5L5 

54 

61 

63 

64 

64 

66 

66 

Days gained by 
treated chamber 

2 

2*5 

3*5 

0*5 

-1 

4 

05 

±0 

0-5 

40—2 

0-5 
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Truss 3 shows the greatest average difference—3*6 days in a total 
period of ripening of 66 days. This may seem small, but it must be re¬ 
membered that a difference of a week at this period of the year may mean 
a considerable difference in the price. 



In order to test the significance of this difference, use was made of the 
method described by Fisher (2). Since the total crop picked from the two 
control chambers differed by less than 1 per cent, it is considered justifi¬ 
able to treat the data from the plants in these chambers as one sample. 

(1) Truss MuturiUion period of normaV'fruits 1-5, 

Untreated 1= 5M) ni+ 1 » 11 5(ac - 62-5 

Treated y = 61*5 n, + 1 » 6 (y - J)* == 8*7 
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Then = 15 and t — 3'43. Whence P < 0-01 being beyond the 

limits of the table given by Fisher and the difference is clearly significant. 

(2) Truss 2. Maturation period of “ normaV’fruits 1-1. 

Untreated 5 = 64*5 % + 1 = 12 5 (« - 5)® = 50-6 

Treated y = 52*0 n, + 1 = 6 <5 (i/ - y)* = 16-5 

Here % -f /ig = 16, ^ 245, P == 0*03 (approx.). Since the value of t 

will only be obtained by chance three times in 100 cases, this difference 
also must be considered significant. 

Light conditions in glasshouses vary so considerably from place to 
place that it only becomes possible to obtain a uniform batch of plants 
when the area covered is a small one in the middle of a large house. In 
the present case, the assumption that the data derived from the six plants 
selected in random positions in each chamber is uniform thus implies 
the inclusion in the data of variation due to unavoidable variation in 
light conditions. Nevertheless, in spite of the inclusion of such variation, 
the value of t denotes a significant difference. 

The difference in maturation period for the normal fruit of the upper 
trusses is negligible, with the exception of truvss 6. The average difference 
of 4 days for truss 6 is obtained from less extensive data, since this truss 
is badly developed and the yield from it in any case is small. For the 
same reason it is of little value to the crop. 

Effect of carbon dioxide on the maturation period of 

RETARDED FRUIT. 

Table IIIb and Fig. 16 show that the differences between the truss 
averages for the normal fruit of the bottom trusses are increased when 
the retarded fruit are included in the data. 

Table IIIb. 

Maturation period in days. 




Calculated from 

total fruit picked. 





Truss .. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Averac© of control 
chamhers 

59 

67 

73*5 

76-5 

70 

69-5 

66 

67*5 

68-5 

66-5 

Treated chamber 

54 

59 

69 

73 

69 

67 

71 

69 

66 

66 

Days gained by 

5 

8 

4-5 

3*5 

1 

2-6 

-5 

-1-5 

2-5 

0-5 


treated chamber 


The significance of this will be discussed later, together with other 
results. Similar data for the upper trusses are included for completeness, 
but, since the fruit here is borne on trusses upon shoots which grew away 
more rapidly in the case of the treated plants (see p. 761), ripening took 
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place at periods of differing weather conditions, and thus the data are not 
strictly comparable. Ketarded fruit form only a small proportion of the 
crop from the upper trusses, and are of little practical importance (see 
Table II). 



Effect of carbon dioxide on the proportion of retarded fruit. 

On trusses 2, 3, 4 and 5, which bear the greatest proportion of re¬ 
tarded fruit, the 12 plants of the two control chambers produced 204 
normal'’ fruit and 142 retarded” fruit. The six plants of the treated 
chamber produced 120 “normal” fruit and 75 “retarded” fruit. The ratio 

is thus 1-4 for the control plants and 1*6 for the treated plants. 

The control plants gave 69*5 retarded fruit per 100 normal fruit and the 
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treated plants 62*5 retarded fruit per 100 normal fruit, a difference of 
7 per cent, in favour of the treated plants. 

It may be suggested here that the well-defined difference in the 
maturation period of normal and retarded fruit, which is most noticeable 
at a time when trusses 1, 2, 3, 4 and 5 are loaded with fruit, is due to a 
shortage of nutrient material, which is sufficient for the swelling of those 
fruits first formed on the truss, but is then temporarily suspended until 
the basal fruits have ripened and been picked. It would then be expected 
that an increased concentration of carbon dioxide in the atmosphere will 
enable tlie plant to extend the number of fruit ripening normally further 
towards the end of the truss, and so eliminate some of the retarded fruits. 

Effect of carbon dioxide on development of fruit 
ON lower trusses. 

Of the blossoms that are borne on a truss not all, even if pollinated, 

, develop and reach maturity. 

For the same trusses 2, 3, 4 and 5, as in the previous section, 60 per 
cent, of the fruit that the control plants could have borne on these trusses 
developed to marketable size. For thf‘ treated chamber the corresponding 
value is 73 ])er (‘cnt., a gain of 13 per cent, in favour of the treated plants. 

Although temperature and humidity were automatically recorded 
and found not to vary in the treated and control chambers, the stoves 
might s(*t up differences in air circulation. There is thus a possibility that 
a part of the recorded increase of 13 per cent, is due to differences in 
pollination conditions. 

Effect of carbon dioxide on development of fruit 
ON upper trus.ses. 

After “.Hlopping*’ of the main shoots (see p. 757), the side-shoots on 
the treated plants w^re observed to grow a way more rapidly and w’cre 
stronger than those of the control plants. Thus the trusses from 7 onwards 
of the treated plants developed and ripened earlier than the corresponding 
trusses of tlie control plants. This is shown in Table IV, giving the average 
dates of opening of the flower from trusses 6, 7, 8 and 9. 

Table IV. 

TrusH 5 Trass 7 Truss 8 Truss 9 

,-.-^ ^-A.-^ ,-A-^ ^-A -, 

Chambers... X2 X5 A'4 X2 X5 X4 X2 X5 X4 X2 X5 

. if/V. lO/v. 12/V. 5/ri. ll/vi. 13/vi. 22/vi. 1/vii. 28/vi. 6/vii. i6/vii. 18/vii. 

Cain in days 0 7 7-5 10 

hyX4 ' 

X 2 • X 5 Control chambers 
X 4 Treated chamber 
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Effect of carbon dioxide on development of trusses. 

Observations were made throughout the season on the development 
of the various trusses. With the exception of the sixth truss there did 
not appear to be any definite differences in degree of development. 
Table V shows that truss 6, the lowest on the top of the plant and normally 
a very weak truss, is better developed on the treated plants. The figures 
obtained from the second, third, fifth and sixth plants of the eight plants 
in each row, which were considered representative of the chamber, refer 
only to development and not to pollination or crop afterwards picked. 

Table V. 

Develojf)ment of the sixth truss. 


No. of trusses No. of trusses 



'Verymt^ 
good^ Good 

Total 

good 

f " 

Bad 

^ 

Very 

bad 

Total 

bad 

Ratio of 
good and 
bad 

X 1 

4 

12 

16 

7 

5 

12 

1-33 

A'2 

4 

8 

12 

8 

8 

16 

0*75 (control) 

A3 

8 

12 

20 

5 

3 

8 

2*50 

A4 

7 

11 

18 

4 

6 

10 

1-80 

A5 

3 

10 

13 

7 

8 

15 

0-87 (control) 

A6 

9 

6 

15 

8 

6 

13 

Mr> 

Effect of 

CARBON DIOXIDE ON THE QUALITY OF FRUIT. 


There was no difference in the quality of the fruit picked in June, 
July and August. The percentages of Grade A (pinks and pink and 
whites) and Grade B (whites) picked from each chamber throughout the 
season are shown in Table VI. Data are available for all the chambers; 
it must be noted that chambers 3 and 6 received carbon dioxide treatment 
for the first part of the season only. The temperature in X 6, an outside 
chamber and situated farthest from the boilers, was 3® C. colder in 
October than the other chambers, and must be held partly responsible 
for the poor swelling of the fruit in X 6 at the end of the season. 

Table VI. 


Percentages of Grade A and Grade B. 


Chamber... 

A 

: 1 

A 

:2 

A3 

A 

:4 

A 

:6 

A. - 

1 

re 

Grade... 

T 

"1b 

f 

A 


A 

B 

A** 


A^ 

B 

t — 

A 

B 

June 

88 

12 

92 

8 

95 

5 

92 

8 

87 

13 

92 

8 

July 

85 

12 

91 

9 

86 

14 

84 

14 

80 

19 

84 

14 

Aug. 

76 

19 

78 

19 

81 

16 

78 

20 

77 

21 

• 71 

17 

Sept, 

81 

15 

75 

21 

80 

15 

78 

15 

73 

22 

69 

24 

Dot. 

80 

19 

62 

36 

76 

23 

72 

25 

72 

26 

65 

33 


Control chamber Control chamber 
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The chambers given carbon dioxide treatment throughout the season 
produced 6 per cent. (September) and 9 per cent. (October) more fruit 
of Grade A (pinks, etc.) and less fruit of Grade B (whites) than the control 
chambers. 


Discussion. 

The fact that the enrichment of the atmosphere with carbon dioxide 
has resulted in an increased yield of fruit (3) is sufficient indication that 
the metabolism of the plant throughout the season is influenced to a 
greater or lesser extent by the partial deficiency of this factor. 

The next step is to enquire as to the mode of effect of an atmosphere 
enriched with carbon dioxide, and whether the increase is obtained 
steadily throughout the season or at one or more main periods. 

Examination of the data given shows that the effect of an atmosphere 
enriched with carbon dioxide upon yield is: 

(1) Small in itself in any of the following directions examined, but all 
contribute to a definite increase. 

(a) Shortening of the maturation period. 

(b) Increase of percentage of blossom developing into fruit. 

(c) Increase of proportion of “normal*’ fruit to “retarded” fruit. 

(J) better development of sixth truss. 

(c) Earlier fruit-bearing at the end of the season. 

(/) Larger fruit at the end of the season. 

(2) Not constant throughout the season but apparent at certain 
periods in the life of the plant. 

There appear to be four such periods in the life of the plants as grown 
according to usual commercial practice, the plants being “stopped” 
above the fifth truss and a lateral allowed to grow on. 

(1) The first truss is formed at a time when the young plant, with only 
a small area of foliage unfolded to a low light intensity, has access to an 
abundant supply of moisture and nutrient material. It is in a vegetative 
rather than reproductive phase of the life-cycle. Consequently the first 
truss is often poorly developed, and in commercial nurseries frequently 
not developed at all. 

The second, third and fourth trusses, provided the vegetative stage 
is not unduly extended by watering or application of nitrogenous manure, 
develop well, and on these are borne the major portion of the crop. 

(2) By the time the fifth truss is developing, the amount of fruit 
hanging and swelling on the second, third and fourth trusses, together 
with that yet unpicked from the first, is such as to become a strain on the 
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carbohydrate supply of the plant. Moreover, the very drastic trimming 
and removal of the foliage commonly practised by the grower at this 
time and necessitated by the light requirements of the ripening fruit, has 
led to a great reduction in photosynthetic area. It may be suggested that 
the supply of carbohydrate material to the developing fruits becomes 
unequal to the demand and that this strain is normally reflected in the 
well-defined interval of time required for the apical (“retarded") fruits 
to mature after the basal fruits have been picked. This then suggests an 
explanation of the difference in the maturation period between the basal 
and apical fruits of trusses 2, 3 and 4. It has been seen that there is a 
slight but significant difference in the maturation period of the “ normal 
fruits of trusses 2, 3 and 4 in favour of the treated plants, and that when 
the apical fruits are included in the data (Table III) this difference is 
accentuated. The conclusion follows that the beneficial effects of the 
carbon dioxide treatment are more marked upon the apical fruits which 
are so situated as to suffer first from a shortage of food material, etc., in 
a period of strain. 

The fruits of truss 5 are thus maturing at a period when there are 
reasons for assuming that the supply of carbohydrate material becomes 
insufficient for the requirements of the crop. This truss tends to beepme 
imperfectly developed, and if the main shoot of the plant is continued 
trusses 6 and 7 are still worse situated, and may be found in some 
nurseries to give only a very poor yield. In the present case the main 
shoot was ^‘stopped,’’ so that trusses 6 and 7 developed on a side-shoot 
borne below the fifth truss. 

(3) Truss 6 is formed on a young side-shoot which is still in a stage of 
vegetative extension similar to that of the conditions of development of 
truss 1. It was observed to be the only truss for which an increased 
concentration of carbon dioxide led to better development. 

(4) Finally the fourth period comes towards the end of the season, 
when the plant is exhausted after continuous cropping. The effect of 
carbon dioxide treatment here may be seen in the better swelling of the 
fruit (p. 762). 

These general conclusions should receive confirmation from the 
records of fruit picked, since, if the effects of a carbohydrate-deficiency 
are more marked at the periods of low fruit-production, then a supply of 
carbon dioxide throughout the season would tend to raise the crop to a 
greater extent at these periods than at others. In Fig. 2 (p. 765) 
the actual weights of fruit picked, reduced for comparison to the weekly 
percentage increase or decrease of the treated plants over the average 
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of the controls, are shown together with the dates of picking of each truss. 
It may be seen that the four periods of greatest increase (25 percent.) 


Control 

plants 

Control 

plants 


Treated 

plants 




Fig. 2. The average erop from the control chambers picked each week throughout the 
sf^ason has lM»eii reduced to 1(K), and is thus represented on the diagram by a straight 
line. The percentage weekly deviation of the trelated plants from this value is shown, 
together w ith the dates of picking of each truss plotted against time. It is thus po.ssible 
t(» read otJ the separate trusM's of the treated plants that show* the grt*atest relative 
incre'ase or dec'reaso over the corresjKinding trusses of the coiitn)! plants. The dotted 
lines of trusses 2-'5 represent the marked differeiiecs in maturation period found for the 
basal and apical portions of these trusses. Earlier picking of the up^ier trusses of the 
treated plants after the main shoots have btMm stop^ied is also shown. It should be 
noted that the upjx^r portion of the diagram represents the appn>ximate dates lH‘.tween 
which the main portion of each truss was picked, and does not indicate the extent of 
the crop. 


correspond with trusses 1,5,6 and from 9 onwards, which are the trusses 
that, as has been seen, represent periods of low fruit-production in the 
life of the plant. 
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Summary. 

1. Data are given showing that the process of enriching the atmo¬ 
sphere with carbon dioxide affects the tomato plant slightly in many 
different ways, the sum of these tending to an increased yield of fruit. 

2. These effects include (1) shortening of the period between opening 
of the flower and picking of the fruit, (2) high percentage of blossom 
developing into fruit, (3) lower percentage of fruit retarded in ripening, 

(4) better development of the truss normally most poorly developed, 

(5) earlier development and ripening of trusses in the later part of the 
season, (6) better swelling of the fruit at the end of the season. 

3. Conclusions are drawn from the data that the results of an in¬ 
creased concentration of carbon dioxide are most beneficial to the plant 
at periods of low fruit-production. These periods are discussed as occurring 
in the life of the commercially grown tomato plant. 

4. The greatest percentage increases in weight of fruit of the treated 
plants over the controls are picked from the trusses which develop at 
such periods in the life of the plant. 

In conclusion the writer is indebted to Dr W. F. Bewley, Director of 
the Cheshunt Experimental Station, and Dr P. G, Gregory, of the 
Imperial College, for valuable suggestions in connection with the text. 
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THE BIOLOGY OF THYSANOPTERA WITH 
REFERENCE TO THE COTTON PLANT 

VI. THE RELATION BETWEEN THE DEGREE OF 
INFESTATION AND THE DATE OF PLANTING 

By ELSIE I. MacGILL, M.Sc. 

(University of Manchester.) 

(With 4 Text-figures.) 

The relation between the date of planting a crop and the infestation of 
that crop by insect pests is of great importance; it is particularly im¬ 
portant in dealing with an insect which has only one generation during 
the year, as it is then sometimes possible, by choosing a suitable date for 
planting, to insure almost complete immunity for the crop. It was not 
expected that the infestation of a plant by such an insect as Tkrips tabaciy 
which is practically omnivorous and has several generations in one season, 
would show so definite a connection betw-een the date of planting and the 
degree of infestation of the plant; but it did seem probable that even in 
this case the age of the plant when first attacked by thrips would have 
an important effect on the degree of infestation. 

The experiments described in the following account were carried out 
at the Manchester University Experimental Grounds, Fallowfield, during 
the summer of 1929. Two types of soil w'ere used for the experiments, a 
light soil (A) with hygroscopic moisture 2-53 per cent, and the loss on 
ignition 12*2 per cent,, and a heavy clay soil (B) with hygroscopic 
moisture 2‘6() per cent, and the loss on ignition 10-6 per cent. Sixty 
10-inch pot^s were filled with each type of soil and divided into three 
blocks containing twenty pots, so that in all there were six blocks, three 
.4 1,^2 and A 3, containing light soil, and three, R 1, J5 2 and B 3, con¬ 
taining clay soil. A 1 and B 1 were sown with American (Webber) cotton 
seed on March 28th, 1929; A 2 and B 2 were sown with the same seed on 
April 23rd and A 3 and J5 3 on May 20th. In preceding years T. tabad 
had first appeared about the beginning of May, so it was thought that by 
choosing these dates for planting the seed, blocks A 1 and B 1 should be 
fairly well-grown by the time the thrips appeared; blocks A 2 and B 2 
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should be well up and at least the second leaves should have come out, 
while blocks A 3 and B 3 should not germinate until the thrips were 
properly established in the glasshouse. 

All the plants received the same amount of water, 800 c.c* per pot 
per week, but the soil in the A (light soil) blocks of plants vras tilled after 
each watering, while in the B (clay soil) blocks the soil in the pots was 
left untouched. 

The mean temperature of the glasshouse during the ex])eriments w^as 
27^^ C., a much higher figure than in either of the two preceding years; 
in 1927 the temperature of the glasshouse was 21° C. and in 1928 it w^as 
19° C. The mean humidity for the period of the experiments was 71 per 
cent., nearly the same as in 1927 and 1928. 

The two blocks of plants which were sovni first, A 1 and B 1, showed 
a marked difference in the rate of growth; the plants in A 1 grew much 
more quickly than those in the clay soil, so that when the counts of 
thrips began when the plants w^erc 4 weeks old, the plants in block A 1 
were larger and more leafy than those in block B 1. This difference in 
growth between plants growm in light soil and those in clay soil did not 
occur in the other two blocks. 

Infestation counts of thrips were made at intervals of 7 days in the 
manner described in earlier papers, only larval thrips being considered. 

Fig. 1 shows the weekly infestation factors for the thrive blocks of 
plants growm in light soil. In each case the counts began w9ien the plants 
were 4 weeks old. The difference between the three blocks is striking; for 
the first nine counts A 1 and A 2 showed a very low degree of infestation 
by thrips, wkile A 3 (the last planted block of plants) showed a rapid 
increase in the number of thrips at almost every count, and by the tenth 
count the large infestation factor of 199 larval thrips per 1(K> sq. cm. of 
leaf surface had been reached. Soon after this the plants in this block 
died as a result of defoliation caused by the thrips attack. At the eigh¬ 
teenth count the infestation factor for A 1 (the block of plants sown in 
March) reached 191 larvae per 100 sq. cm. of leaf surface, that is, nearly 
as high a factor as the maximum obtained from A 3. The plants in block 
A 1, however, had reached the flowering stage, and the bolls were be¬ 
ginning to ripen by the time the infestation factor for this block rose as 
high as 191, and seemed to be well able to support this degree of infesta¬ 
tion; indeed, in previous years, plants in this stage of growth have had 
infestation factors as high as 250 larvae per 100 sq. cm. of leaf surface 
without being killed by the thrips attack. The infestation of the plants 
in ^ 1 reached this high level suddenly after a period of relatively low 
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infostation, whereas the plants in ^ 3 showed a relatively high infestation 
almost from the first count. Immediately after the eighteenth count of 
thrips the infestation factor for the plants in .4 1 again became very low; 



Weekly infestation counts 


Fig. 1. The weekly infestation factors for three blocks of cotton plants, soM^n at <lifferent 
dates in light soil. In each ease the counts begin when the plants are 4 weeks old. 


it has been found that a particularly high infestation factor for a block 
of plants is frequently followed by a low one, and as a similar drop in the 
numbers of thrips was found on the other blocks, it almost certainly 
marks the end of one generation of the insects; the infestation factor for 
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A 3 would probably have decreased in the same way, but the plants were 
BO badly affected that they were unable to recover. The infestation factors 
for A 1 were not taken after the twenty-first count, as by this time the 
plants in this block were practically over. If the graphs of the infestation 
of .4 1 and A 2 are compared it is seen that the factors for A 2 were con¬ 
tinually higher than those for A 1 until the fifteenth count of thrips was 
reached; at this point the infestation of .4 1 began to increase rapidly. 
This sudden increase in the degree of infestation of ^ 1 is probably ex¬ 
plained by the fact that, though the insects were breeding quickly and 
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Weekly infestation counts 

Pig. 2. The weekly infestation factors for three blocks of cotton plants sown at different 
dates in clay soil. In each case the counts begin when the plants are 4 weeks old. 


were approaching their maximum, the plants in this block had come to 
the end of their vegetative phase, and were producing flowers and bolls 
rather than new leaves and shoots; that is, the numbers of thrips were 
increasing more rapidly in proportion to the increase in si;5e of the plant 
than they had been doing previously. In block A 2, when the plants 
reached this stage, conditions were not so favourable and the numbers of 
thrips were beginning to decrease so that the infestation oi A 2 never 
reached such a high level as that of 41 1. 

Fig. 2 shows the weekly infestation factors for the three blocks of 
plants grown in clay soil. The counts again began when the plants were 
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4 weeks old. The difference in the degree of infestation is not so striking 
as it was when the plants were grown in light soil; B 3 certainly shows a 



Wtjckly infestation counts 


Fig. 3, The weekly infestation factors for three bhwks of cotton plants sown at different 
dates in light soil with the actual date of ea(‘h count. 

much higher infestation in the early counts than the other two blocks, 
but the maximum number of thrips only reached 79 larvae per 100 sq. 
cm. of leaf surface at the eleventh count. The infestation factor for B 2 
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rose to 105 larvae per 100 sq. cm. of leaf surface at the twelfth count; 
this was the highest factor obtained from any of the clay soil blocks of 
plants, the maxima for B 1 and B 3 being 104 larvae and 92 larvae. The 
highest factor for B 3 occurred at the sixteenth count and that for B 1 
at the seventeenth, that is, at the same time as the maximum number of 
thrips on the corresponding block of plants in light soil {A 1). None of 
the infestation factors for the clay soil plants was as high as the maximum 
factors for the plants in light soil. The infestation of B 1 and B 2 was very 
similar; as a rule the factors for B 2 were a little higher. The infestation 
factors for B 1 were not taken after the twenty-first count. 



Weekly infestation founts 

Fig. 4. The weekly infestation fa(*tors for thrtM* blocks of cotton plants sown at different 
dates ill clay soil with the actual date of each count. 


Fig. 3 shows the infestation of the three blocks of plants in light soil, 
giving the actual dates of the infestation counts without considering the 
relative ages of the plants; it shows that the maximum number of insects 
occurred about the same date on all three blocks of cotton plants. 

Fig. 4 gives the infestation factors for the three clay soil blocks of 
plants with the date of each count. The maximum numbers of thrips 
on B 1 and B 2 occurred about the same date, a little earlier than the 
maxima for the A blocks of cotton plants. On B 3 the maximum number 
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of thrips was not reached until the end of September, about 6 weeks later 
than on any of the other blocks. 

Figs. 3 and 4 point to the conclusion that, as previous experiments 
have shown, light tilled soil is more favourable to thrips development 
than clay soil, and that the plants grown in the former are likely to be 
more heavily infested by thrips, as in none of the blocks of plants in clay 
soil does the degree of infestation reach such a high level as in the 
corresponding block in light soil. P'rom these figures it is seen that, in 
each case, the curve of the infestation factors of a block of plants can be 
divided into several parts separated from each other by low infestation 
factors, which roughly represent succeeding generations of thrips. 

The mean inft^station factors for the six blocks of cotton plants were: 

Sown March: A 1, 3f)*7 larval thrips per 100 sq. cm. of leaf surface 
1,23*1 

Sown April: J 2, 30*0 ,, ,, ,, 

B 24*9 

Sown May: A 3, SG-O ,, „ „ 

il3,39-2 

In each case the blo(‘k of plants grown in light tilled soil shows a definitely 
higher mean infestation factor than the corresponding block in clay soil. 

in comhision. the preceding experiments show that the infestation 
by jf. lalnivi of cotton })lants grown in light soil is definitely greater when 
the plants are sown late in the season. Late in the season the infestation 
of A 1 (the plants sown in March) ro.se almost as high as that of A 3 
(sown May), but this high degree of infestation was not reached in the 
case of ^ 1 until after the plants had flowered and, althougli the plants 
in lilock A 3 w^^re killed by the thrips attack, this was probably largely 
due to the accumulative effect of relatively high infestation factors 
almost from the beginning of the counts. The mean infestation factors 
for A 1 and A 2 arc practically the same, but P"ig. 1, which gives the 
curves for the factors of these tw^o blocks, clearly shows that in all the 
earlier counts the infestation of A 2 w^as considerably higher than that of 
A 1, and it w'as not until the plants in the latter block had reached the 
flowering stage that the infestation of A 1 exceeded that of A 2. 

The date at w^hich the plants are sowm does not seem to be of such 
great importance when plants growm in clay soil are considered. Cer¬ 
tainly the latest planted block of plants (B 3) was the most heavily in¬ 
fested by jT. tabaci of the three blocks growui in clay soil during the earlier 
counts; but the infestation of this block, although higher than that of the 

50—2 
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other clay soil blocks, never reached such a pitch that the plants were 
unable to tolerate the attacks of the insects. 

Summary. 

Investigations were made of the degree of infestation of plants grown 
in light soil and in clay soil sown at different dates. The^plants sown late 
in the season in light soil were more affected by the thrips, the infestation 
being relatively high almost from the germination of the plant and 
causing death before the flowering stage was reached. On the blocks of 
plants in light soil sown earlier in the year the infestation was relatively 
low for a considerable period, and although, at the end of the season, the 
thrips became very numerous on thgse plants it was not until after the 
bolls had been formed, and in this case the practical damage was small. 

The plants sown in clay soil at different dates did not show such a 
marked difference in the degree of infestation, and all were less infested 
by the insects than the corresponding blocks of plants in light soil. This 
corroborates the findings of previous experiments, namely, that plants 
grown in light soil are found to be more heavily infested by T. inhaai^ than 
plants grown under similar conditions in clay soil. 

I should like to take this opportunity of thanking Prof. Dunkerly for 
his helpful criticism, Miss E. M. Smith and Mr 1. Thomas for their 
assistance in making the counts, and Mr K. Stewart for his analysis of 
the soils used. 
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Ofi the Life-history of Blastodacria atra 


I, INTRODUCTION. 

The pith moth of the apple is a persistent pest in fruit plantations in 
Northern Europe, occurring commonly in England, Holland, Germany, 
Norway, Sweden, Denmark and Poland. Though the pest is only occa¬ 
sionally reported as responsible for serious loss, signs of its presence may 
be detected in most fruit plantations, and it is possible that the cumu¬ 
lative effects of slight annual attacks have been underestimated. The 
damage is caused by the larvae which feed beneath the bark, often eating 
out the entire woody tissue, and destroying vegetative shoots and 
blossom trusses. The injury is most apparent in the spring about the 
time of blossoming, when the wilted and dying tips of tlie attacked shoots 
and the shrivelling blossom trusses appear in sharp contrast with the 
normal leaves and flowers. 

( а ) Identitv of the in8p:ct. 

The pith moth is a small Tineid moth. In the revised edition of the 
Handbook of British Lepidoptera, Meyrick places the moth in the family 
Cosmoptervgidae, but previously it had been regarded as belonging to 
the family Elachistidae. With regard to the generic and specific names of 
the insect there appears to ])e considerable diflerence of opinion. Meyrick 
refers to the moth as Chrysoclista vimlentella H.S. Throughout contin¬ 
ental literature, however, the pith moth of the apple is referred to as 
Blasiodacna pufripennella Zell. In correspondence, Mr Stringer of the 
British Museum of Natural History quotes unpublished notes of the 
late Mr Hartley Durrant regarding ‘‘the true names of the apple and 
hawthorn Lavernae,'* concluding with the statement that‘‘u/m Haw. --- 
Tinolcntella of H.S.” The author hopes to deal further with the identity 
of the insect in a subsequent paper and, since the earliest name appears 
to be that of Haworth, has decided in the meantime to refer to the moth 
as Blasiodacna, air a Haworth. 

(б) Methods and materials. 

The occurrence of considerable numbers of the larvae of the pith moth 
in two fruit plantations in the vicinity of Manchester in the spring of 
1928 led to a study of the life-history and habits of the insect. Damaged 
shoots and blossom trusses were collected and kept in the laboratory in 
order that observations could be made on the later stages of the life-cycle. 
In due course adults emerged, and these were confined in glass cylinders 
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so that the egg stage might be discovered. Eggs were obtained. These 
hatched and observations were made on the habits of the young larvae. 
Young larvae were transferred to a feathered maiden apple tree growing 
in a pot. This was kept out of doors, and periodic examinations w’ere 
made to find out the habits of the larvae during the wdnter. Throughout 
the course of the investigation parallel observations were made in the 
field. Material collected in South ]..ancashire was supplemented by 
collections of infested twigs from a commercial fruit plantation near 
Hitchin, Hertfordsliire. 


(c) AcKNOWU.E1)GMK3s'TS. 

The writer wishes to acknowledge her thanks to Dr H. W. Miles 
for supervision and direction throughout the course of the investigation 
and for taking the photographs used as illustrations. She is also in- 
debt(‘d to Prof. Balfour-Browuie and Prof. Dunkerly for reading tlie 
manuscript and making helpful suggestions: to the late Dr J. Waterston, 
Mr H. Stringer anfl Mr H. Britten for identifying insects and supplying 
data regarding them; to Mr F. R. Petlierbridge, M.A.. for his interest 
in the investigation, and to Mr J. (\ Dicker for furnisldng material 
from time to lime. 


II. DEHC^RJPTION OF STAGES. 

( a ) Adult. 

The description of the pith moth of the apple, as given by Meyrick(i3), 
is as follows: 

\) 11 mm. Head blackish. Fore wings narrow, blackish: plical and 
second discal scale tufts black, the latter anteriorly finely wliitish 
margined; some white scales towards the costa posteriorly and apex. 
Hind wings dark grey. 

With regard to the colour of the head of the pith moth there is much 
conflicting evidence. Ornierod(2i) describes moths bred from larvae in 
apple twigs as having white heads. Theobald(2a) writes: ‘'The head is 
almost entirely white. It is subject to much variation. Some specimens 
are almost black : these Stainton considered a distinct variety." Writing 
some time later the same author state8(37): "I have had both black and 
white heads,'’ and concludes that two species of moths were present, the 
white-headed species, referred to as jB. helkrella Dup., being common in 
Kent, and the black-headed species, referred to as B, nnoUntella H.S., 
being rare in Kent and Worcester. Carpenter (i) seems to follow Meyrick 



778 On the Life-history 0 /Blastodacna atra 

and describes the pith moth as having a black head and considers the 
white-headed moths a distinct species, thelarvae of which live in hawthorn 
berries. Tullgren(40) figures the pith moth, which he names -B. pitripen- 
nella Zell, with a white head. 

In the summer of 1928 the writer was concentrating her attention on 
the biology of the insect, and noted that among the adults there appeared 
some variation in the head colour, some moths having white heads, others 
black and others greyish. In 1929 it was decided to make careful ob¬ 
servations on this apparent variation in the head colour. Material was 
collected from a number of plantations in Lancashire and Cheshire, and 
some was obtained from Hitchin, that from each locality being kept 
isolated. 

When the moths emerged it was found that all were distinctly white 
headed. Examination under the microscope showed that the head of the 
moth was densely covered with white scales, among which a few darker 
scales occurred. Many of the moths lost some of these scales after 
emergence and the head then assumed a greyish or blackish appearance, 
depending on the extent to which the scales were removed. Re-examina- 
tions of specimens bred' in 1928 showed that this tendency to lose the head 
scales had given rise to the differences in colour wdiich were noted that 
season, and it seems possible that a similar error may have been made by 
other observers, particularly as the dark head coloration fitted Meyrick’s 
{op, cit,) description of the moth. 

The moths bred from collected material were blackish with faint light 
markings and prominent black scale tufts on the wings. When the moth 
assumed a resting position with the wings folded over the back, the light 
markings appeared as three pairs of whitish areas: one pair anterior to 
the first pair of scale tufts, the second pair at the base of the second pair 
of scale tufts and the third pair near the tips of the wings. In respect of 
these light markings the moths appear, therefore, to differ from those 
described by Meyrick. 

Wtien the moths were examined witli a hand lens, light sf;ales were 
seen mingled wuth the black scales on the prothorax and on the wings, 
where they formed a broad, faint, irregular lightish band along the 
posterior margins of the wings. Rusty yellow scales were mingled with 
the dark scales about the middle of the wings and formed an irregular 
rusty streak extending from the base to the tip. Stainton(27) describes 
the black costal blotch as ‘‘much tinged with tawny” along the inner 
margin. Ormerod ( 2 J) also noted the presence of the yellowish scales and 
wrote: “The dark part [of the wing] is more or less varied with tawny 
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and the light with most minute specks of black; but the great variations 
of colouring make it impossible to describe it serviceably.” Spuler(2G) 
considered this yellow streak one of the specific characters of the apple 
Blastodacna, but Tullgren(40) found that although this yellow coloration 
was distinct in some individuals it was entirely absent on others. Among 
the specimens which emerged in captivity during the course of this in¬ 
vestigation the occurrence of yellowish scales among the black scales 
about the middle of the wing seemed constant, but there was some 
variation in the intensity of the yellow coloration. In some it was very 
faint and deeply suffused with black, while in others it was much more 
pronounced, Meyrick’s description of the pitli moth infesting the apple 
contains no reference to the occurrence of the yellow scales on the wings. 

Mention has been made of records of variation in the appearance of 
the pith moth. Stainton(27) writes: *‘In some specimens the anterior 
wings are almost entirely suffused with black,” and “the dark variety 
appears exclusively attached to apple.” At the time this was written the 
apple and hawthorn BJaHiodacnac had not been separated and the name 
Laverna uira Haw. was used for both; the variations referred to, therefore, 
seem to be those separating the two species. The second quotation, borne 
out by an observation made the following year(2s), “Among the many 
scores that I caught and bred from these [apple] trees, I never saw^ a light 
variety,” suggests the insects attacking the apple were more or less 
similar in appearance. Ormerod(2i), who mentions “variations of colour¬ 
ing,” was apparently describing the moth from three specimens which 
had been sent to her. The scales are easily rubbed from the wings, the 
few flutterings of the moth in the killing bottle being frequently sufficient 
to remove much of the characteristic marking, therefore it is possible 
tliat the condition of her specimens accounted for such a statement as: 
“In the three specimens before me the right and left fore wings vary 
from each other in some degree in every case.” Careful examination of 
considerable numbers of moths bred in 1929 from material collected in 
a variety of localities has revealed very little variation in the appearance 
of newdy emerged moths. 


(6) Egg. 

When newly laid the eggs are a translucent pearly white. After a few 
days they become denser and tinged with yellow, and finally they be¬ 
come dull pinkish brown. They are somewhat oval in shape, about 
0*5 mm. long and 0*3 mm. broad, broadly rounded at the basal end and 
somewhat truncate at the apex. The chorion, which is thin and easily 
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ruptured, is delicately sculptured by broken longitudinal ridges. These 
ridges form numerous small, rather pointed, projecting edges at the apex 
of the egg. Since the c‘horion never becomes hard and brittle, the egg 
becomes concave on the side attached to the twig w^hile the outer surface 
is convex. As development takes place the head of the embryo becomes 
faintly discernible, appearing as a dark region near the apex towards the 
end of the second week of incubation. 

(e) Larva. 

(1) First instar. 

Shortly after eclosion the larvae of the pith moth measure approxi¬ 
mately 1 mm. They are transparent, greyish green caterpillars, with com¬ 
paratively large dark shining heads and long setae. Metamerism is well 



Ficr. 1 Larva. First instar, x 70. 


defined, and there are faint indications of the prothoracit; and caudal 
plates which are a character of the later instars. The body is thickest in 
the thoracic region, tapers posteriorly, and is blunt and rounded at the 
apex. The mouth-parts are w^ell developed, the mandibles bearing three 
strong teeth correlated with the habits of the young larvae. As the larvae 
develop they become a brownish pink colour, with prominent dark brown 
sliiny heads, long setae and distinct browm thoracic and caudal plates. 

(2) The mature larva. 

Mature larvae measure from 7 to 8 mm, in length and are brownish 
pink in colour. The head is dark brown, densely chitinised dorsally and 
laterally, and more lightly chitinised in the frontal region and on the 
ventral surface. The prothorax, into wdiich the head can be partially re¬ 
tracted, is covered by a browrn plate, thickly chitinised round the edges, 
particularly posteriorly, and rather membranous towards the centre. 
It is broad dorsally and narrows laterally, and is divided along the 
median dorsal line by a narrow strip of membrane. The body tapers 
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caudally from the thorax, each se^^rment having a band of deep brownish 
pink in the middle and gradually paling towards the intersegmental 
membrane. At the posterior end of the body there are tlirpe dark brown, 
densely chitinised caudal plates. On the eighth abdominal segment the 
plate is very narrow and occurs at the posterior margin. On the ninth 
segment the chitinous plate covers practically the entire dorsal surface, 
and on the tenth segment, which is broad and rounded posteriorly, the 
plate is roughly semicircular and bears some stout bristles. The thoracic 
legs are brownish and chitinised. The prolegs are pinkish at the base but 
transparent and m(*mbranous towards the extremities, and the caudal 
prolegs are brown and chitinised at the base. The planta bears a series of 



uniordinal crotchets arranged in a curved mesoseries. The body, liead and 
legs liave numerous long setae, and the entire integument is closely 
covered with minute stout setulae, which may be of some service to the 
larva during movement under the bark or in the woody tissue of the 
twdgs. 

(r/) PrPA. 

The pupa is golden brown in colour with a dark head. It measures 
from 5 to 6 mm. in length, and is slender with the tip of the abdomen 
slightly curved forw^ard. The wings are long and narrow, extending to the 
seventh abdominal segment. The antennae reach beyond the wing tips, 
and the extremities are in antennal cases separate from the main pupal 
case. The seventh and eighth abdominal segments are narrow ventrally, 
the eighth being very narrow. The nintli abdominal segment is broad 
ventrally and bears a pair of rather flattened tubular projections, the 
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cremaster. The arms of the cremaster point forward and upward, making 
an angle of rather more than 45^^ with the ventral surface of the body* 
They are flattened towards the tips, and the flat surface bears a con¬ 
siderable number of strong hooked bristles. 

The rudimentary external generative organs of the pupae are dis¬ 
cernible. In the male the sex character appears as a short depression 
lying in the median ventral line of the ninth segment, posterior to the 
arms of the cremaster. In the female the depression is somewhat similar 
in appearance, but occurs between the eighth and ninth abdominal 
segments, anterior to the arms of the cremaster. The position of the 
rudimentary genital aperture seems to be the only character separating 
male and female pupae. 



3. Pupa. > 14. 


III. BIOLOGY. 

(a) Adult stage. 

(]) D(tte of emergence. 

In the laboratory moths emerged during the month of July. From 
material obtained from Hitchiii in Hertfordshire, the period of emergence 
in 1928 lasted from July 9th to July 21st, while from material collected 
in Lancashire and Cheshire one moth emerged on July 13th, the majority 
of the remainder from July 17th to July 26th, and only a few specimens 
after that date. In 1929 moths emerged in captivity in the laboratory 
from July 12th to July 25th, only odd specimens emerging before and 
after those dates. This period of emergence seems to coincide with that 
obtaining out of doors. Moths were noted flying about at dusk in a fruit 
plantation in the vicinity of Manchester on July 25th. 1928, and were 
periodically observed until August 8th. Theobald (3S) records the capture 
of pith moths at light traps during the month of July in Kent. 

The length of life as an adult appears to be about 8 days in the case 
of males and 14 to 16 days in the case of females. Moths may, therefore, 
be found about the fruit plantations during the latter half of July and 
the early part of August. 
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(2) Habits, 

During the day the moths were for the most part inactive. In the 
laboratory they clung to the leaves and stems of the twigs or to the 
muslin covering the cylinders, or remained in the bottom of the jars con¬ 
taining the infested material from which they had emerged. When the 
twigs were moved the moths continued to cling to them, making no 
effort to escape. On being disturbed they made short erratic flights and 
soon settled down again into a resting position with the wings folded 
close to the body. When resting on the twigs the moths were not readily 
discernible, since the light markings on the wings bore some resemblance 
to the pale lenticels and light markings on the bark. 

Out of doors the moths w^erc inactive during the day and only took to 
flight when the branches were shaken. At dusk, however, they became 
active and could be caught flying about the trees. Mating was not ob¬ 
served to take place during the day under laboratory conditions and w as 
not noted out of doors. 


(6) Ego staije. 

Eggs appear to be lai<l during the night. In the laboratory, w'here 
several moths w’ere placed in cylinders wdth only a few’^ twigs, eggs w^ere 
laid in the leaf axils, round the thickened bases of the leaf stalks, on the 
stipules of the leaves and the internodes of the steiUvS, the majority, how^- 
ever, being deposited in the leaf axils. In no case were eggs found on the 
leaves, though this w^as generally accepted as the site selected for ovi- 
j)osition. In captivity numbers of eggs w^ere laid about the leaf axils, 
but the eggs appeared to have been laid singly and were isolated on other 
parts of the twigs. 

In the plantation the eggs of the pith moth w’ere difficult to find. In 
the early part of August, 1928, three were found and their position bore 
out the conclusions arrived at in the laboratory: that the eggs w^ere laid 
singly, near the axil of a leaf. On August 3rd, 1929, eggs were again 
found in the plantation, always occurring singly close to the leaf axil. 


(1) Date of egg laying and number of eggs laid. 

The date of egg laying depends upon the date of emergence of the 
adults, but appears to take place early in the life of the female. Eggs 
may, therefore, be found about the plantations during the latter part of 
July and the first half of August. 
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In order to obtain some idea of the number of eggs which might be 
laid, eggs were dissected from the body of a female which had died with¬ 
out egg laying. The abdomen was greatly distended with the egg mass, 
which appeared to occupy almost the entire body cavity. The eggs were 
enveloped in a thick mucous secretion which was dissolved in dilute 
alcohol and 73 fully developed eggs were counted. At the extremities 
of the ovarioles there were some small, incompletely developed eggs. 
Another female which had lived for 11 days and was known to have laid 
eggs, was dissected. Only si.x fully developed eggs remained in the 
abdomen, and there were no incompletely developed eggs. While recent 
research(0) has indicated that the female does not necessarily lay all 
the eggs which develop in the ovaries, some knowledge of the number 
developing may be useful in estimating the possible rale of increase, 
especially if the proportions of the sexes are known. In the material 
collected in various localities over two seasons the numbers of male and 
female pith moths have been approximately equal. 

(2) Period of inciibaiion and lime of hatching. 

In 1928 eggs which were laid in the laboratory between July 18th 
and July 25th commenced hatching on August 1th, indicating an in¬ 
cubation period of rather more than a fortnight. Two ])atche8 of eggs 
which had been laid during the night of July 25th hatched on August 
10th, giving an incubation period of 15 days. Eggs laid July 20th 27th 
hatched in the laboratory on August 11th 12th after a similar incubation 
period. In 1929 eggs which had been laid from July 191 li onwards com¬ 
menced hatching on August 2nd after an incubation period of 14 days. 
In both seasons the laboratory was unheated and, as it has a north aspect, 
its temperature was often lower during the daytime than that prevailing 
out of doors. At other times, however, the temperature was probably 
higher than that out of doors. 

On August 14th, 1928, two eggs were found in a fruit plantation. That 
they had been laid some time was apparent by their colour and the 
presence of the dark area at the apex, indicating the head of the develop¬ 
ing embryo. At the same time the presence of frass and minute entrance 
holes about the twigs indicated that eggs had already hatched and the 
larvae had made their way into the plant tissue. Having regard to the 
time the moths emerge and the length of the incubation period, hatching 
probably occurs during the first half of August. 
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(c) Larval stage. 

(1) Observations on youn{i larvae. 

Newly hatched larvae were kept under constant observation in the 
laboratory. They were active and at first wandered restlessly about the 
twig, apparently in search of a suitable site for feeding. After a short time, 
however, they settled down and commenced tunnelling into the bark, and 
numerous instances were noted of young larvae burrowing actively into 
the stems of twigs. Within about 24 hours after hatching all the young 
larvae appeared to have settled down to burrow into the stem tissue. 

The entrance holes of the young larvae were easily discovered since 
they were always surrounded by fragments of rust-coloured frass. In the 
laboratory, where the larvae were somewhat congested, the holes occurred 
on practically any part of the twigs, some in the new growth where the 
bark was green and pubescent, and others in older wood wdiere the bark 
was dark brown and tough. Some entrance holes occurred above, below, 
or at the side of a leaf base, wliile others oi^curred at some distance from 
the nodes. The occuri’ence of entrance holes in a variety of positions was 
also noted in prunings collected from a fruit plantation where infestation 
had been rather severe. Generally the entrance holes seem to occur in 
the region of a bud. 

These observations on the habits of the young larvae are in direct 
opposition to th<’ usually accepted beliefs. Previous writers have stated 
that the newly hatclied larvae feed for a time on the leaves, although no 
evidence that they did so had been collected. Tullgren(io) in 1918 doubted 
the statement, often definitely asserted in literature, that the young 
larvae feed on the leaves during the first part of their life, and obser¬ 
vations made in the course of this investigation justify his doubts. 
In the fruit plantation it was observed that the larvae had tunnelled into 
the bark of the twigs by the middle of August, thus establishing the 
accuracy of the laboratory observations. This discovery regarding the 
habits of the first stage larvae is of the utmost importance from the point 
of view of control measures, since some of the suggested measures have 
been based on the erroneous assumption that in the early stages the 
larvae of the pith moth feed on the foliage. 

(2) Larval halntjf ami develojyntent. 

During the period August 7th 11th, 1928, newly hatched larvae were 
transferred to a feathered maiden apple tree growing out of doors in a 
pot, and in due course the characteristic entrance holes were observed in 
various parts of the tree. 
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On October 26th a twig 4 in. in length, which had been broken off by 
the wind, was examined. Larval entrance holes were visible with the 
frass still adhering to the pubescence. One entrance hole was situated 
near a bud which was alive but surrounded by a cankered area. On peel¬ 
ing away the bark a caterpillar was found. It measured nearly 3 mm., 
and was of a browmish pink colour with a dark head, brown thoracic and 
caudal plates, and long setae arising from the dorsal and lateral surfaces 
of the body. It was active and spun long silken threads over which it 
moved. It had fed over about a half-inch square of plant tissue, partly 
immediately under the bark where the tissue was rusty brown and partly 
in the woody tissue where the tunnelling was tilled with frass. 

A second larva, 4 mm. long, was found in a tunnel in the centre of the 
stem, and the terminal bud and the bud near which the larva had entered 
were killed. Apparently it had recently moulted, as a head capsule was 
found in the tunnel near it. 

On November 29th a larva 3-5 mm. long was found in a piece of twig. 
An entrance hole was visible near the side of a bud. The larva had tun¬ 
nelled towards the bud, eaten out a cavity under the bark and partly 
behind the bud, but without damaging it. When found, the larva was 
feeding with its head turned from the tip of the shoot. 

On December 2()th it was noted that numbers of the tips of the shoots 
had been killed by the feeding of the larvae and that these dead tips were 
easily broken off by the wind. In one twig examined the tip was dead for 
a distance of 3 in. and a larva was found feeding beliind a bud at the base 
of the dead portion. It had eaten out the entire tissue behind the bud, 
leaving only a thin layer of bark, thus cutting off the food supply of the 
tip which then perished. The cavity was filled with frass and the larva 
was eating back towards the base of the shoot. On the same twig was 
another scar about an inch long and extending about half way round the 
twdg. A larva was feeding under the bark, the tissue under the scar being 
brown and discoloured, but the central tissue and the bud were uninjured. 
These larvae were quite active and measured about 4 mm. 

On January 22nd, 1929, a length of twig was cut off for examination. 
Frost had been severe and snow^ had fallen twice sinc^e the previous 
examination. “Cankering,’’ due to damage by pith moth larvae, was 
evident near the tip of the twig for a length of about 3 in. An entrance 
hole was found near the corner of another scar ^ in. long and I in. wide. 
The tissue beneath the bark immediately sun’ounding the entrance hole 
was brown and discoloured. The larva had eaten out a shallow tunnel 
behind the bud, coming very near the surface just below the base. It had 
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then turned round and eaten out in another direction, and was found 
lying with its head towards the base of the twig. The caterpillar was quite 
active and apparently feeding in spite of the cold weather. It measured 
5 mm. 

After the severe frosts lasting until the middle of Fe})ruary the tree 
was taken into the laboratory. Owing to the feeding of a considerable 
number of larvae all the young shoots were dead, and it was evident that 
the tree was dying. Early in March small heaps of new frass were noted 
about the twigs and, later, larvae were found to be wandering about the 
tree. It became obvious that, as the wood died, the larvae left the sites 
in which they had been feeding during the vrinter and wandered in search 
of living w^ood. Some of these wandering larvae measured almost 7 mm. 
and appeared practically fully fed, while others measured only 5 mm. 
Some of the larvae found their way into the healthy bark of the stock, 
others were put in cylinders wdth fresh apple twigs into which they 
tunnelled, and some pupated prematurely in the twigs. Owing to the 
(lifliculty of keeping apple twigs healthy for a considerable period, and 
the rather low humidity of the laboratory, only three adults were reared 
from the original batch of larvae. With the emergence of these adults, 
however, tlie life-eyrie had been completed under observation. 

From the observations made during the winter it was apparent that 
the larvae fed throughout the winter, and that severe weather (*onditions 
seemed to have no noticeable effects upon them. 

(3) OhservatioYis in the pktntation, Sprifig 1929. 

lJuring the winter there were few signs of the activities of the pith 
moth larvae. Twigs could be found showing the minute entrance holes 
made by the young larvae with traces of frass still adhering. Towards 
the beginning of April, when the buds were swelling, traces of fresh frass 
were observed about the trees. No larvae were found wandering about the 
twigs, and it was not definitely ascertained whether the frass came from 
new entrance holes or was merely the result of increased activity on the 
part of larvae which had fed in those sites throughout the winter. Reh {22) 
(Sorauer) states that in the spring the larvae leave their winter borings 
and tunnel into the base of a bud or blossom truss, and I)yckerho£E(r)) 
makes a similar statement. From observations made out of doors and 
in the laboratory it would appear that the larv ae 0 (‘ca 8 ionally feed near 
the surface and cat out a portion of the bark. They may return to the 
interior of the same twig, or possibly leave the twig and re-enter at some 
other point, either the tip of a shoot or in an opening blossom truss where 

Ann. Biol, xvii 51 
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the bark is soft and entrance is easy. It was noted, however, that when 
the twigs began to swell, the cankered bark around the larval entrance 
holes split, and larvae were seen to push out frass through these cracks. 
Where the shoots are killed in the course of their feeding it seems likely 
that the larvae will leave their original tunnels for fresh sites in which to 
complete their development, but from the extent of the injury and the 
nature of the entrance holes it seems apparent that most of the larvae 
feed continuously in one site, only leaving it as adults. 

(d) l^UPAL STAOE. 

Prior to pupation the fully grown larva makes its way to the surface 
of the twig, near a terminal or lateral bud or a little way below a blossom 
truss, and eats out a circular hole in the bark through which the adult 
can escape. Sometimes the pupa is found protruding among the flower 
stalks of the dead blossoms or near a bud, or the breaking off of part of 
the injured shoot may leave the pupa exposed. 

DuraiiotK 

Owing to pupation taking place within the twig, observations on the 
pupal stage are difficult to make. When fully grown larvae were dis¬ 
turbed they crawled from the twig and, unless they were able to tunnel 
into a cork or some other part of the twig, they did not {)upate but 
shrivelled and died. Observations W'ere made by removing a small piece 
of bark so that part of the larva could be seen, the bark being replaced 
after each examination, Jn most cases this disturbed the larvae and 
caused them to leave the twig. In one case the larva remained. It 
pupated on June 18th and emerged as an adult on July 18th. In another 
instance a mature larva entered a cork on June 22nd and an adult 
emerged on July 26th. jb’rom these observations it appears that the 
duration of the pupal stage is approximattdy one month. Ihipation seems 
to take place during June, mature larvae and pupae having been found 
ill various plantations on June 12th, IJth and l ltli. Tow^ards the end of 
June there w^ere very few larvae to be seen. 

IV. PARASITES. 

A number of hymenopterous parasites have been reared from B. atra. 

In 1928 several large ichneumons, identified as Pinrpla inquisitor 
Scop., were reared from Blastodacna material collected at Hitchin. The 
adults emerged at the same time as the pith moths. The female has a long 
ovipositor which permits of the penetration of the bark of the twigs 
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for oviposition. From a list of host species supplied by Dr Waterston, 
P. inquinior appears practically polyphagous and attacks Lepidoptera, 
Coleoptera and Hymenoptfira. 

In 1929 large ichneumons were again collected from Hitchin material. 
These were identified as Ephialtes albispiailus Morley. The adults 
emerged at the same time as the host insects. The ovipositor of the female 
is longer than the body and allows eggs to be deposited well below the 
surface of the bark. This species was observed to be ectoparasitic, and 
as many as three larvae were found feeding on one host larva. 

A small chalcid parasite, Copidosoma woromeckae IS'ow., was reared 
in some numbers from B. atra larvae from Hitchin. (J. worohieckae is 
polyembryonic. The adults, both male and female, emerge at the same 
time as the pith rnotlis, and in one instance 17 adults were obtained from 
a single pith moth larva. C. ivmouieckae was first recorded and de- 
scribcd(iJO from Poland in 1924. It is interesting to note, however, that 
as far back as 1908 Theobald writes‘‘The only new interesting fact 
concerning it (the pith moth) is that...at Greenhithe, it was widely 
attacked by some parasitic hy men op tera,‘which have not yet been 
identifie<l. As many as ten of these little parasites hatched from a single 
larva and they appeared to be very general in the plantation. They 
hatched out on July loth...." Apparently this parasite was not identified 
as no memtion of it appi^ars in any of Theobald's later notes on the pith 
moth, but it seems possible that the insect may have been the one now 
referred to as C, tvoromevkae Now. In tlie summer of 1921 Mr H. W. 
Miles reared a Copidosoma from pith moth larvae collected at Kirtoii, 
near Boston, Uncolnshire, and this was id(nitified by iir Waterston as 
C. woroHK’chte, 

Another chalcid reared from Blustodacna larvae from both Hitchin and 
Maghull, Lancs., has been identifie<i as lldhroa/tns sp. Little is known 
of this genus and the species cannot as yet be named, 

Betin/lus fu^siconiis Jur., which was reared from pith moth cater¬ 
pillars from Hitchin, is regarded by Dr Waterston as probably a true 
parasite. 

Hermiteles areator Grav., also obtained from larvae from Hitchin, 
is hyperparasitic, its host being, in the opinion of Dr Waterston, E, 
albispiculus 

Other hymenoptera reared from Blasiodanai larvae include Oinorgus 
difformis Gmel., Chehnas sp,, and Apanteles sp. Data regarding these 
insects were insufficient to determine their part in the economy of 
B. atra Haw. 
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V. ECONOMIC BIFORTANCE. 

One of the earliest references to the economic importance of the pith 
moth appears to be that of Stainton(28) in 1855, who quotes from a 
correspondent: This is a most destructive little wretch in apple grounds, 
owing to the fact of its mining in the bud and in the alburnam of the 
bearing spur.’’ Since that time the moth has been frequently recorded, 
but not usually as causing serious injury. Ormerod reports its occurrence 
in 1889 ( 20 ) and 1898(21). In 1903 Theobald (29) reports that the pith moth 
was abnormally abundant in 1902 and did a vast amount of damage to 
apples over Great Britain; it was also reported to extend its ravages to 
pears. In 1904 (:^) he reports further damage from Kent and Gloucester¬ 
shire, chiefly on young stocks. In 1904 the pest was less abundant(3i); 
in 1906(32) it was reported from several localities in Kent: in 1907(33) 
reports of the damage were more numerous than ever and the pest was 
apparently increasing in numbers. In 1908(34) the pith moth was in 
evidence in many plantations, and in the 1909-10 season it was not so 
harmful as in previous years (35). In 1906 Carpenter reported the pest 
from Donnybrook near Lublin(i); in 1907 from Glasnevin(2). and as “not 
common but occurring in South County Dublin" in 1911 (3) and 1912(4). 

In more recent years the insect appears to have caused considerable 
damage on the continent. In 1918 Tullgren(«)) reported the pith moth as 
a hitherto unobserved pest in Sweden, and intimated that it was un¬ 
doubtedly of considerable importance under favourable conditions. The 
pest was reported in Denmark(7) in 1916 and 1917 as so numerous in 
places as to cause complete defoliation through attack on the buds, and 
in 1920 (S), 1922 (9) and 1923 (K)) it did considerable damage. In 1916 (23) the 
insect occurred in two localities in Norway, and its o(’Currence was again 
reported in 1918(24) and 1922-3(25), It was reported from Germany in 
1920(44), and in 1926(12) did considerable damage in various localities. 
In 1923(42) the pest vras noted in Poland for the first time and in 1924 (43) 
it was abundant. It occurred in Holland in 1925(41). 

In this country, in the Reports of the Ministry of Agricidtiire, some 
damage was reported in 1919(14) in the counties of Durham, Lancashire, 
Lincolnshire and Cheshire. In the report for 1920-1(15) the insect was 
“noted in all fruit areas as very destructive locally," the counties con¬ 
cerned in 1920 being Cheshire, Warwickshire, Norfolk, Cambridge, 
Northamptonshire, Sussex and Hampshire; and in 1921 Durham, 
Cheshire, Staffordshire, Norfolk, Suffolk, London, Hampshire and 
Worcestershire. In the report dealing with the insect pests of crops over 
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the period 1925-7 the pith moth is listed among the more important of 
plant pests (16). In 1925-6 Theobald (39) reports an outbreak of the pith 
moth in Kent. In 1926(17) Petherbridge noted the occurrence of pith 
moth blisters on the bark of trees in West Suffolk, and in 1928 (ib) that the 
pest was common at Wisbech. In the Manchester province in 1928 the 
pith moth was present in considerable numbers in two plantations, and 
the injury caused was quite extensive. In 1929 the pest was again serious 
in the same plantations, and the writer was able to collect material from 
six widely separated localities in Lancashire and Cheshire. 

( a ) Nature and extent of injury. 

In the plantations the young growing shoots and fruit spurs are killed 
by the tunnelling of the larvae. The damage is most readily apparent in 
May and June when the leaves are w^ell developed and the trees are 
blossoming. The leaves of the injured shoots wilt and die, and the destruc¬ 
tion of the terminal buds results in the pushing out of laterals. Injury to 
the blossom trusses is generally very obvdous and results in a direct re¬ 
duction in the set of fruit. Attacked blossom trusses shrivel and turn 
brown and die before the blossoms fully open, or occasionally shortly 
after the fruit has set. Besides the direct damage caused by the feeding 
of the larvae the injury to the bark permits the access of fungi, particu¬ 
larly the apple canker fungus, Necfria galliyena. In some plantations 
injury to the blossom trusses appears common and causes a direct loss 
of crop, while in other plantations the shoot injury appears the more 
prevalent type. Theobald notes (32) in Kent and Sussex that not only the 
terminal buds were attacked but mainly the ‘'spurs.'’ 

(b) Varieties attacked. 

In Lancashire the varieties infested are Golden Spire, Grosvenor, 
Irish Peach, and Eckinville Seedling, while in Cheshire, Gladstone, 
Grosvenor, Worcester Pearmain, Allington, Bismarck, and Grenadier 
are attacked, Bismarck and Newton Wonder were noted as susceptible 
to the attacks of the pith moth in Gloucestershire and Lane's Prince 
Albert in Sussex. In a fruit plantation in Hertfordshire, Worcester Pear- 
main appears to be most susceptible, while Newton Wonder is one of 
the most immune; in the same plantation, however, a sport of Newton 
Wonder is badly attacked. In Kent in one plantation Theobald reports (32) 
that Worcester Pearmain was attacked, but not the alternate rows of 
Lord Derby ; again in 1910(36), that fruit spurs and shoots of Cox's Orange 
Pippin were attacked. Bush apple trees are often infested and damage 
from the pest is often noticeable in nursery stock. 
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VI. DISCUSSION OF CONTROL MEASURES IN RELATION 
TO LIFE-HISTORY AND HABITS. 

One method of controlling the pith moth, suggested by Theobald (29, 
37), was the application of a lead arsenate spray in the late summer when, 
it was thought, the larvae were feeding on the foliage. To avoid any 
arsenical deposit on the fruit the spray was to be applied as soon as the 
fruit was harvested, a heavy dressing being recommended. This treatment 
does not seem to have bec^n widely followed, possibly owing to the diffi¬ 
culties of application at this season, and later (:^i) Theobald writes that 
spraying against the moths ‘‘does but little good, although there was 
some lessening of their numbers when arsenate of lead was used in Sep- 
tember.'* Tullgren('40) doubted the efficacy of this treatment, because it 
had not been established that the young larvae fed on the leaves. Ob¬ 
servations in 1928 and 1929 on the habits of the young larvae indicate 
that the application of an arsenical spray at this time would not be likely 
to give satisfactory results, since the larvae make their way und(‘r the 
bark almost immediately on hatching, in the first half of August. 

Tullgren(in) and later Landgraf(i2; suggest winter spraying with 
10 per cent. Carbohniurn as a means of (‘controlling the pith moth. This 
suggestion is worthy of consideration, since it was noted that in Lan¬ 
cashire, ill two plantations where the insect was very injurious, no tar 
oil sprays were used. Against this, however, it must be statt'd that the 
pest is generally distribute‘d throughout a commercial plantation which 
has been sprayed with a tar-oil spray annually for some time. From 
observations on the position of the larvae during the winter and the nature 
of the tuiimds in which th(\y feed, the efficacy of this treatment seems 
doubtful. At the time the spray is applied the larvae are about half grown 
and well sheltered in the tissue. In several cases examined the larvae 
were some distance from the entrance holes which were minute, and the 
tunnelling between the entrance hole and the larva was filled with frass. 
Thus, wLile the “creepingcharacter of tar-distillate winter spray might 
enable it to penetrate into the tunnels, it could not be relied upon to 
effect a marked reduction of the insects. Cracks in the cankered bark 
round the entrance holes and enlarged entrance holes, which are a 
common feature of the attacked twigs, have not been observed until after 
the end of March when the trees have begun active growth. At this time 
the penetration of an oil spray wmald be much easier, but because of its 
ill-effects on the young growing tissue, the application of a tar-oil winter 
wash would be quite impracticable though summer strength white oil 
sprays might prove useful. 
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The only suitable remedy so far suggested (2i, 20 ) in that of hand picking 
and destroying the infested shoots. This was carried out in a plantation 
at Hitchin a few years ago, and was followed by a marked reduction in 
the degree of infestation. Where parasites occur, particularly the small 
polyembryonic chalcid, C, vmroniechie, it should be possible to adopt the 
method of utilising natural enemies, carried out with great success in 
France by Decaux (ii) against the apple blossom w^eevil, another insect 
feeding in a sheltered position. The infested twigs should be collected into 
boxes covered with gauze which would permit the escape of the parasites 
while retaining the host insects. Even where the parasites are large, as 
in the case of P, impnsitor. it is generally easy to separate them from the 
moths, since the hymenopterous parasites are usually active in the sun¬ 
light and make their way to the light, wdiile the moths are quiescent and 
remain among the twigs until late in the day. 

Reh(22) and Dyckerhollg)) recommeiul tlie use of light traps during 
July and August for the (rmtrol of the pith moth of the apple. There does 
not seem to lie any information available regarding the efficiency of this 
method of control, but Theobald (38; lists the pith moth among the species 
he has ca})tured at light traps in Kent in July. The use of light traps for 
pest control has jiot been fully inv(*stigated in this country, but in the 
case of a h(‘rious local inf(‘statioii of the pith moth they might be used 
W'ith advantage to reduce the numbers of moths flying about the 
plantations. 

Since tlu‘ larvae of the pith moth appear to leave dying waiod, the 
speedy destruction of prunings seems to be important in relation to 
control. Examination of prunings sliowed that numbers of larvae were 
present, and it is possible that some of these might regain a position in 
W'hich tliey c-ould continue their development if the prunings WT*re allowed 
to remain near the fruit trees. 

VII. SIT>LMARY. 

A study has been made of the life-history and habits of the pith moth 
of th<^- apple. 

The adults, which are described, emerge during the latter part of 
July. 

The eggs, a description of which is included, are laid singly on the 
twigs, usually near the base of the buds. Incubation requires 14 to 17 
days. 

Immediately on hatching, in the first half of August, the larvae tunnel 
into the bark of the twigs, without first feeding on the leaves. 
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The larvae feed continuously during the winter, weather conditions 
having no appreciable influence on their activities. « 

The pupal stage lasts about a month, approximately from mid-June 
to mid-July, 

A number of parasites have been reared from pith moth larvae. The 
parasites appear unevenly distributed, few occurring in the north-west. 

The pith moth is widely distributed in England and Northern Europe, 
and under some conditions appears to be a major pest of fruit. The larvae 
destroy the shoots and blossom trusses, and the cracking of the bark, 
which follows the in jury to the twigs, permits the access of fungi. 

Previously recommended control measures are discussed in relation 
to the life-history and habits of the insect as recorded in these investi¬ 
gations. 
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EXPLANATION OF PLATES XLIX--L 

PU4TE XLIX. 

Fiy, 1. Eggs in Situ at the base of a leaf, x 3. 

Fig. 2. Eggs of B. atra Haw. x 20. 

Fig, 3. Entrance holes made by newly hatched larvae in apple twig, x 3. 

Fig. 4, Mature larvae, x 6. 

Fig. 5. Earvae of B, atra parasitised by C. woronieckae Now, 

Fig. 6. Pupae of B. atra. x 3. 

Fig. 7. I’upa in larval tunnel in apple twig, 

PLATE L. 

Fig. 8. Moth at rest on apple twig, showing the white head and three pairs of white areas 
on the wings. 

Fig. 9. Side view of moth, showing two pairs of scale tufts. 

Figs. 10, 11, 12. Damage to apple twigs by the larvae of B. atra. 


{Received October 2Zrd, 1929.) 
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THE PASTURE PROBLEM IN AREAS OF 
PERIODIC DROUGHT 

By ALEXANDER NELSON, Pii.JLi 
(Unirersity of Edinburgh.) 

(With 1 Text-fi^^urc.) 

Over wide and fairly well-defined tracts of country on the world’s surface 
the cUniate follows a definite annual cycle. The major portion of the rain¬ 
fall occurs during the period of the year when lower temperatures prevail. 
When the higher temperatures occur the rainfall is at its minimum, and 
in extreme cases may be nil. This cycle of ‘'winter ” rains alternating 
annually with summer “drought” is found typically round the shores of 
the Mediterranean, and is referred to as the “ Jlediterranean type” of 
climate. All the areas involved are to be found between 20'' and 50' 
latitude both north and south of the ecjuator. They occur always on the 
western side of continents, rarely, if ever, extending to the eastern coasts. 
The extent to which the typical cycle occurs in a continent and its occur¬ 
rence in any particular district are considerably modified by a number of 
factors such as the incidence of mountains, occuiTence of mariiu' currents 
and other more or less local conditions. However, the fact does remain 
that large areas of the world's surface are annually sub jected to regularly 
occurring periods of low^r temperatures accompanied by higher rainfall, 
alternating with periods of higher temperature accompanied by lower 
rainfall. In the Northern Hemisphere a wide belt of such country ex¬ 
tends from Turkestan west^vards, including Palestine, the coastal regions 
of the Mediterranean, the north-wT.st coast of Africa and parts of Spain 
and Portugal. In America a smaller area occurs approximately from the 
Cascade and Sierra Nevada Mountains westward to the coast, including 
parts of the States of Oregon, California and Arizona. 

In the Southern Hemisphere there is in South America a narrow strip 
of coastal country from about Guayaquil in the north to about latitude 
ST'' in the south. Another strip occurs in South Africa on the south-west 
and west coastal districts of the ('ape Colony. In Australia a compara¬ 
tively large belt occurs, extending from the west coast through the State 

^ Formerly Superintendent of Rc^search, Tasmania. 
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of West Australia to the south coast and passing along it for a very con¬ 
siderable way to Adelaide at least. This belt excludes the south-west 
portion of the State of West Australia. The discussion which is to follow 
will deal witli the question of the ])rovision of stock food in these areas. 
It must not be assumed that the thesis to be advanced here will apply 
absolutely to each of these areas. For example, thci temperature obtain¬ 
ing in the rainy season of Turkestan is very low, though the summers are 
very hot. Again, in the northern half of the South American belt the 
rainfall, though conc^entrated in the *' winter*’ months, may be very small 
and the total may be practically negligible. All that it is proposed to do 
here is to indicate a theory of economic stock production, which it is 
believed may provide a useful line of development and research. The field 
observations on which the work is l)ased were made in Australia, in 
greatest detail on a comparatively small piece of country in Tasmania 
outside the major belts defined above, yet where a cycle obtains which 
involves a summer drought period of vaiying plant stress intensity. 

The matter gains its importance from economic (jonsideratious in tliat 
price rates for agricultural products are at a low ebb, and the profit 
margin for land is likely to recede. In addition, it is true that large 
commitments are now involved in land which is likely to go out of use 
unh‘ss either costs of firoduetion fall or returns increase. This state of 
affairs, acuite at present, is not likely to be mitigated for some (considerable 
time, 

What(*ver method or adajitation of culture may be devised for any 
area must, aliove all things, be economic. The produce must be in demand 
and be capable of going on to the market bearing the minimum of costs. 
The possibility of development of areas subject to drought by irrigation 
has always appealed as a positive remedy. Many parts of the areas in¬ 
dicated above may or may not be cajiable of abundant response to 
irrigation and so produce crops, etc., of almost any type. Irrigation, 
however, means in practically every case high capital expenditure with 
commensurate high overhead costs to be borne by the produce. Tliis is 
a fundamental limiting factor in (*onnection with irrigation, but all such 
schemes must be further limited in extent by such factors as the difficul¬ 
ties of obtaining the capital involved; the available water supply and so 
on. It is unlikely that pressure of world demand for food in the proximate 
future will render economic such large irrigation schemes as would cover 
a major portion of the total area cited above. In Australia, particularly, 
the possible labour costs involved in any attempt at fairly intensive 
methods of cultivation put such schemes out of practical politics at once. 



798 The Pasture Problem in Areas of Periodic Drought 

P’rom consideration of the extent of the areas involved, some form of 
animal production on extensive lines is indicated, with carrying capacity 
of the country increased, or where stock is not already in occupation, the 
amelioration of the country so that they may live and do well. 

The sheep, particularly in Australia, seem clearly indicated. Two 
economic movements in connection with sheep must be noted. In areas 
where closer settlement is possible and arable cultivation desirable, the 
production of such types of wool as cannot be borne by sheep also 
capable of producing marketable lamb or mutton is not now economic. 
Secondly, there is the fact that falling returns for wool will tend to with¬ 
draw the margin of land for wool production. The present writer is con¬ 
cerned here only with the second of those two movements because, if 
carrying capacity can be increased and drought losses minimised, land 
will stay in production which to-day is going out. 

In brief, then, it is to the problem of increasing carrying capacity with 
low costs on land under a Mediterranean climate that the writer would 
address himself. 

The problem, apart from its economic aspects, may be narrowed down 
to a question of the plant and its requirements. In areas where the Medi¬ 
terranean type is sufficiently extreme, the plant will be faced during the 
year with a period when transpiration will be reasonably low due to lower 
temperature and higher humidity, also, at the same time, the moisture 
supply as by rain will be adequate for growth. Later, it will be called 
upon to face a period of physiological stress. Then temperatures will be 
high and humidity low with consequent high water loss. Over great 
portions of the areas cited this period of physiological stress will be 
sufficient to cause death of most pasture plants. At the best, there will 
be a period of almost nil productivity. Just what is implied by this 
period of stress is illustrated by the graph in Fig. 1. This shows the various 
climatic factors bearing on a plant in the Adelaide district. This district 
is by no means an extreme case, but is used because it provides accurate 
data on all the factors involved. The very high evaporation at the times 
of low rainfall and high temperature will be noted. 

Vegetation subjected to extreme stress conditions such as have been 
postulated meets the situation in a number of ways. Species occurring 
naturally in the area may have been found to have adapted themselves 
to deal with or prevent extreme water loss, which at the moment could 
not be made good. Hence, more or less extreme xerophytic adaptations 
may occur. Again, species having developed rhizomes or other under¬ 
ground structures capable of weathering the stress period and propagating 
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Average rainfall in mm. (65 yra.)- 

Mean daily temperature ® F. (66 yrs.) (9 h. 4* 15 h.)- 

Relative humidity per cent. (66 yrs.) 9h.. 

Evaporation in mm, (1876-1904) — • —. — . 

Pig, 1. Climatic data for Adelaide, South Australia, 
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the plant, when good times return, may prove successful. Plants having 
a quickly maturing habit, coupled with a high rate of seed production, 
may be successful. Such species grow and complete their life-cycle while 
conditions are favourable and produce seed before the onset of the stress 
period. The seeds lie dormant in the ground waiting the return of the 
season when growth i^ possible. 

Increased stock-carrying capacity might be attained by exploiting 
any of these responses of vegetation, but, in practice, all of them offer 
extremely difficult problems for .solution. The exploitation of the drought 
resistant form has been attempted, but always the question of low palata- 
biUty meets one, or the adaptation of the plants to resist not only drought 
but animal attack. The animals may thrive and do fairly well on xero- 
phytic or semi-xerophytic vegetation, but the carrying capa(‘ity of the 
drought register is never high. The exploitation of this type of plant re¬ 
sponse must always be limited, first by the general unsuitability of the 
plants as feed and also by the comparatively high costs of establishment. 
It must be said, however, that once established this type of vegetation 
requires little or no further attention, unless a drought period of unusual 
severity has a lethal effect, as it might have, on only partially drought 
resistant plants. 

Exploitation of the vegetative underground en'oper is difficult. Such 
plants are costly to establish over large areas, in that veg<'tat.ive activity 
seems always to go hand in hand ^rith low seed product ion and, therefore, 
the rate of spread of such types under practically “naturar’ conditions 
is not rapid, (’osts of establishmejd are thus rendered high. The range of 
species suited for employment in the class of country discussed here is 
small. Another drawback to the exploitation of the underground cre^eper 
is that it transfers the major portion of the food manufactured to sub¬ 
surface stores out of reach of tht* foraging sheep. Apart from certain 
special areas, such as those infested by the underground grass grub in 
Tasmania, this method, because of high costs of establishments and com¬ 
paratively low food value, precludes any likelihood of its wide adoption. 

Exploitation of the seeding t\q)e of plant holds out the greatest 
promise for the economic increase in stock-carrying capacity of country 
with the Mediterranean type of climate. As is commonly recognised, 
pasture is the cheapest and probably is the best food for sheep. It is the 
only economic food under conditions wdiere intensive methods are not 
practical. It may be said too that, on economic grounds, the pasture 
must be permanent in character. Temporary pasture, implying cultiva¬ 
tion of the land at comparati\n?Iy frequent int^ervals with recurring 
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sowings of more or less expensive seed, is ruled out for sheep husbandry 
in any case, and for the marginal lands under discussion it is quite im¬ 
possible. Any method of pasture production developed for the areas 
under discussion must be low' in initial cost, and require little or no outlay 
of labour or capital during its life, which must be long. Further, the 
association employed must be sufficiently palatable and nutritious to 
be readily eaten by sheep. The higher the carrying capacity per unit 
area the better. This seems an almost unsolvable problem, but a number 
of clues to its solution exist. Nature herself offers one clue in the w^ell- 
known fatd that, after a fall of rain, the drought-stricken desert is 
(‘overed wuth vegetation. This veg(‘tation results from the germination of 
seeds ])roduced prior to the drought and lying in the dry soil awaiting 
moisture. The vegetation so readily produced in turn matures its seeds 
ready lo tirle the species over the next drought. The pastoralist in South 
Australia exploited this type of cycle in his use of subt(?rranean clover 
(Trifolittm To-day, over large areas in Australia, givat 

tracts of country art; being sow'ii with subterranean clover. Tliese are 
(*x1 ending rapidly as the use of this annual clover becomes more widely 
kiiow’ii and, al»ov(' all. as the seed becomes cheaper. The carrying capacity 
of land once occ upied by a sparse covering of Danfhonia is now’ rising 
rii})jdly following on the introduction of this plant. Each year the clover 
comes away rapidly with the onset of the rains, provides h^ed, matures 
seed and tluni dies down with the onset of the drought, to spring up again 
from the seed with the next year’s seasonal rains. The significant point is 
that such pastures formed from subterranean clover are permanent owing 
to the seeding habit of the plant - once the initial seoiling has been made, 
the plant through the carried-over seed regenerates the “sw’ard*’ after 
each annual drought })eriod. Many other species of Jjeguminosae and also 
specit‘s of tirramiuea(‘, along with feed-yielding species of other orders, 
behave similarly. The possibility exists, therefore, of building up an 
association of plants of greater diversity of food constituents and also of 
greater carrying capacity, and which W’ould each year regenerate itself 
througli the seeds lying in the ground during the drought period. Thus 
a method o! providing sheep feed over at least a portion of the year exists. 
J^asture production by means of an association self-regenerating initself as 
a result of a prolific seed-producing habit is cheap and fulfils practically all 
the economic requirements posiulate<l earlier in the paper. Initial capital 
costs are low’, because the price of seed of annual species, oiu^e conditions 
of supply and increased demand adjust themselves, is low’, ^"ery simple 
or no cultivation at the initial sowing is required. The whole area it is 
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desired to cover with such a pasture need not be and indeed, for economic 
reasons, should not be artificially sown. Small areas only throughout the 
major area to be developed should be sown and at most the seed 
"‘scratched’’ in. These small areas may be allowed to develop providing 
feed and seed and, in course of time, natural means coupled with the 
movement of stock i^ill result in the spread of the introductions. Thus, 
from the original small colonies, the introduced seeding species will 
spread over the whole area; the process may be slow, but it is sure, and 
above all extremely economic. This gradual process of development has 
an added benefit in that stock carried can rise by natural increase syn« 
chronously with the rise in carrying capacity of the station, thus prevent¬ 
ing any financial strain. 

Expenses after establishment of the pasture are small, as very little 
after cultivation, sowing, etc., is necessary. 

In Australia, however, phosphate deficiency in the soil militates 
against the fuD development of the annual plants --the clover particularly. 
Perkins(2) has showm that, on poor Danthotna country in South Australia, 
increased carrying capacity can easily be attained through the uses of 
readily available phosphate alone. Pasture analysis on the treated plots 
showed this increase to be due to increase in the annual ‘‘clovers'’ (Tri- 
folium spp., Medicago spp.) and annual grasses, at the expense of perennial 
grasses and useless weeds. The whole of the increased carr 3 nng capacity 
following on applications of soluble phosphate may not be ascribed to 
soil improvement strictly, but some must be ascribed to the well-knowm 
effect of phosphate in increasing the seed-production rate of the readily 
responsive annuals, and possible also to increased rooting activity assist¬ 
ing seedling establishment and persistence. Further, phosphate may 
result in a hastening of maturation, so that seed is developed early, prior 
to the onset of the stress period. The conclusion of Kichardson(3) that the 
addition of phosphate resulted in a more economic production of dry 
matter in terms of water loss is probably important in the production of 
these effects. 

It may be, therefore, that over a great deal of the areas above cited 
and under discussion here, though the striking response to phosphate 
usual in Australia may not be forthcoming and its application may be 
apparently unnecessary, a small application is desirable. This, of course, 
will be an added cost of production, but the highly remunerative returns 
from “sub and supershown by the practical man in Australia do not 
lower the hopes of the believer in the system. In areas where response to 
^ Subterranean clover manured with superphosphate. 
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phosphate (or its necessity) has been demonstrated, some small amend¬ 
ment of the method of gradual colonisation suggested above is necessary. 
The phosphate would require to be applied to the initial seedlings in order 
to ensure a satisfactory establishment. After the first year’s artificial 
sowing, application of the phosphate could follow the natural and animal- 
borne dispersal of the seed. A complete control of rise in carrying capacity 
and capital expenditure is thus ensured. 

Exploitation of species adapted to weather periods of drought stress, 
by means of the naturally occurring dormant period of the seed, can thus 
be adapted to areas of climatic conditions, where little or nothing of feed 
value gi'ows at present, or it may be superimposed on areas of similar or 
borderline climatic condition of present low carrying capacity—thus in¬ 
creasing carrying capacity on an extensive system of animal husbandry 
with low costs. It is possible, too, that this comparatively cheap in¬ 
creased carrying capacity over large areas may have the effect of checking 
or militating against the present serious fall in land values, wliich may 
have extremely serious effects in Australia, at least. 

It is interesting to note that the small annual prolific seeding species 
of Legiuninosae seem to V)e originated in Mediterranean areas, and may 
be regarded as an evolutionary response to the actual climatic conditions 
discussed here. 

Certain disabilities attach to the method of self-regenerating pasture 
composed of annual species permanently occupying the land on a(‘Count 
of their high rates of seed production. One is the designing of an associa¬ 
tion which will remain more or less stable from year to year. This, in 
itself, is not altogether serious. It is unlikely that any one year will be 
sufficiently extreme as to eliminate permanently any number of species 
united to the area. Even in a season unsuited to any one of the species, 
a proportion of the plants or of their seeds will be likely to persist until 
a season more propitious. This, in itself, provides an assurance against 
total failure. A more serious difficulty lies in the possibility of early rains 
sufficient to induce germination followed by a later short drought period 
resulting in the death of the vulnerable seedlings. The complete germina¬ 
tion of all the seeds lying in the soil under such conditions is not probable, 
however, as many, if not all, of the species of the Leguminosae likely to 
be used produce a varying proportion of the super-dormant type of seed 
known as ‘"hard seeds.'’ These are most fickle in germination even under 
ideal conditions, and a sufficiency for continuance of the association is 
certainly produced under the hot, dry conditions of ripening likely to 
obtain under the climatic conditions postulated. The incidence of the 

Ann. Biol, xvn 52 
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super-dormant seed has a beneficent bearing on the first disability 
mentioned above. 

Perhaps the greatest disability of the self-regenerating pasture under 
Mediterranean type of climatic conditions is its complete cessation of feed 
production for a portion of the year. The fate of the stock during this 
period is a question of major importance. This disability may be met in 
a number of ways. In the case of sheep stock carried for the production 
of meat, intensity of stocking will synchronise with pasture production. 
That is, the lambs are dropped as the feed production of the pasture rises 
with the onset of the annual rain. This is a common phenomenon all over 
the pastoral areas of the world, and is the reason why lamb in New 
Zealand is produced in spring and summer, while lamb on the Australian 
mainland is produced in the winter. The whole system of economic 
management must turn round exploitation to the full of the flush period 
of the pasture. Supplementary feeding of the lambs does not usually pay, 
but supplementary feeding of breeding stock in the off season may and 
usually does pay if designed to allow of sufficient breeding stock being 
maintained to produce suflScient lambs to exploit the flush when it comes. 
Such a system of management involving fluctuating stock intensity 
would fit into the method of using a self-regenerating pasture as defined 
above. Production of lamb, however, is not likely to be widely adopted 
over the areas discussed. Wool production with, perhaps, meat as a by¬ 
product is more likely. Hence fluctuation of stock numbers with fluctua¬ 
tion in feed production would not occur to any great extent, and some 
method must be found of carrying the stock over the drought-stress 
period of low pasture production. 

Supplementary feeding (provision of silage, stored grain, hay, etc.) 
might be considered, but, though it may be economic under certain local 
conditions, it is limited in its application, simply due to the high costa 
involved, quite apart from other reasons militating against its production. 

A second poxssibility for getting over the drought period of low feed 
production lies in the migration of stock from areas where self-regenerating 
pastures produce cheap food seasonally to other areas where the seasonal 
variation in feed production does not synchronise. Such mass seasonal 
migrations of stock from areas of food shortage to areas of plenty are 
well known, and as they continue year by year must be regarded as 
economic. Again, however, the possibility of the exploitation of the 
main areas of Mediterranean climate would not be possible under such 
a provision and would be extremely limited where sheep were concerned. 
The distance travelled by stock on the hoof is limited by the capacity of 
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the stock and by possible loss of condition or check in growth on the one 
hand, and on the other by the difficulties and costs of mechanical trans- 
port. 

All these methods of tiding stock over the period of drought stress 
and low feed productivity involve increased costs, and, apart from country 
on the border line climatically, are hardly practical. This would seem to 
negative any good accruing from the self-regenerating pasture. The 
practical pastoralist, however, in one area (so far limited in extent) 
provides the clue to an economic solution of the other half of the 
main problem of rendering the areas of seasonal vegetative growth 
productive. 

On large areas of light land under a meagre seasonal rainfall (10 to 
12 in.) in West Australia, a blue-flowered flat-seeded lupin, probably be¬ 
longing to a variety of Lupinus pilosm, is carrying a large number of 
sheep and, in certain cases, larger stock through the summer drought 
period. The growing plant itself is not relished by stock, though, if allowed 
to graze in a paddock during the growing season, it is believed they will 
eat some of the lupin while feeding on the grass and other herbage between 
the lupin plants. Grazing of the growing lupin plant, however, is not 
generally advocated because the yield of the real fodder is diminished. 
In West Australia several sheep per acre are being held in good condition 
and often fattened during the summer drought period simply on the 
seeds and dried leaves of large areas of lupin. The variety used seems to 
have developed specially in the Victoria district of West Australia, and 
its use is spreading rapidly over a large area of light soil under the 
Mediterranean type of climate. The crop is self-perpetuating, and once 
sown the plant grows up, and sets its seed on which, along with leaves, etc., 
the sheep feed. Enough seed to ensure a crop when the following 
seasonal rains come is always trodden in by the sheep, and a system of 
stocking has been devised to ensure the carry over of sufficient seed. The 
variety used, like the smaller Leguminosae, produces hard seeds, further 
ensuring the carry over of the crop. Here clearly is the natural con¬ 
comitant of the self-regenerating pasture—the self-perpetuating grain 
crop. There is no doubt that the combination of areas of self-regenerating 
pasture with a self-perpetuating grain crop permits of cheap animal pro¬ 
duction over vast areas of land lying under the Mediterranean type of 
climate. Many problems of detail require solution before the maximum 
exploitation of the dual method becomes possible. Species other than the 
lupin, no doubt, will have to be adapted to the system to suit other areas. 
The lupin employed in W'est Australia is susceptible to frost damage. 
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Too wide an employment of lupin species might lead to the use of one of 
species poisonous to stock with serious results. Species more productive 
or producing more nutritious food arc probably available, as, for example, 
the Soya bean. Other problems too, such as the area of self-regenerating 
pasture required to balance an area of self-perpetuating grain crop, must 
be arrived at. Whether the pasture and the grain crop should be grown 
on separate areas and the sheep moved from one to the other, or whether 
the two should occupy the one area, may be a question. It is hkely that 
separate areas will be involved, in that full and complete development of 
the grain producing crop must be ensured, but the stock, if allowed access 
during the growing period, would not permit this. It is important that 
experience tends to show that lupin alone does not provide a complete 
ration; some balance is required, and it is probable that this will apply 
to other species which may later be tried. However, once an area has 
been employed in this way for some time the stock will carry seeds of 
annual grasses and clover from the pasture to the grain crop, and the hay 
from the resulting plants should, after a very few years, give a mixture 
amongst the grain crop which will ensure a suitably balanced ration. It 
may be that when other species are found suited to exploitation as self- 
p^petuating grain crops, a number will be grown together or on separates 
areas, which together will provide a balanced ration. 

One point of considerable importance, in connection with the system 
of stock management and production outlined here, is the effect the system 
will have on the soil. The dominance of leguminous plants amongst those 
used, coupled with the high incidence of animals on the area, must tend 
to increased and increasing fertility of the soil, both in nitrogen and 
organic matter. Whether this will in time lead to the displacement of 
the animal husbandryman by the dry farming wdieat producer is one 
which time alone will answer. In any case, the economic practicability 
of the system and its soil building potent-ability seem undoubted. Re¬ 
search will be required on numerous points such as the degree to which 
grazing of such pastures can be carried and yet permit of sufficient seed 
being matured before the summer stress period sets in. The introduction 
of improved types of annual plants, rather than the improvement of 
species for drought resistance, would be required. Further, the many 
problems of management, both of stock and pasture and feed, will demand 
a considerable amount of enquiry. 

It is not suggested here that stock production by the methods out¬ 
lined above should compete with systems of plant culture already devised 
and in operation in the areas cited. All that is suggested is that areas 
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under Mediterranean climate which are at present not occupied with an 
economic crop or which are likely to go out of production altogether, 
owing to high costs relative to return on product, may he so ^aved and 
economic loss spared to the owner. 

Summary. 

1. The paper deals with areas under the Mediterranean type of 
climate where periods of moisture supply and lower temperature with 
lowered evaporation alternate annually with periods of low moisture 
supply and higher temperature with increased evaporation. 

2. The suggestion is made that in such areas where no system of 
economi(* production has already been evolved permanent pasture 
formation for stock production on a system of extensive husbandry would 
be economic. 

3. That permanent pavsture could be produced economically by a 
plant association capable of regenerating itself annually after the drought 
stress period owing to the production of a large number of seeds by its 
individual members, 

4. That the stock carried by such a pasture during its production 
period could be carried over the alternating drought period of low or nil 
production by a H(‘lf-perpetuating grain crop along the lines adopted in 
West Australia using the lupin. 

o. ^ arious difficulties and amendments of the system proposed are 
mentioned and discussed. 
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REVIEWS 

Manual of Bacterial Plant Pathogens. By Charlotte Elliott. Pp.. 
ix-f 349. London: Bailli^re, Tindall and Cox, 1930. Price 22$. 6d. 

With the exception of the two works by Erwin F. Smith, Bacteria in Belation to 
Plant Disease and Bacterial Diseases of Plants^ no book dealing solely with the phyto- 
pathogenic bacteria has previously appeared. Bacterial diseases have usually been 
relegated to a single, often very short, chapter in the books on plant pathology and 
disease-producing fungi. The outstanding exception is Stapp's contribution to the 
fifth edition of Sorauer’s Handhuch der Pfianzenkrankheiten which still remains as the 
most adequately detailed treatment of bacterial diseases. 

Until recent years plant bacteriology was the Cinderella of phytopathology, and 
but for the leadersJiip of the late Erwin F. Smith it is possible that it would still 
occupy that position. The bacteria have always been looked upon as the particular 
province of the medical bacteriologists, and by them the science hiva been develojied 
upon specialised lines having little direct connection with botanical problems. The 
methods of classification and differentiatirm of the bacteria, especiaUy the differentia¬ 
tion by fermentation reactions, that pitfall for tlie unwary, and by serological methods, 
have nearly all been w'orked out by those concerned in the study of animal disease. 
The effect on plant bacteriology has been to relegate it to a subordinate position as 
a part of general plant pathology, and until recently it was not taught as a special 
subject in the botanical schools. In this re8|>ect it rcisembles the allied subject of virus 
diseaaes, which only during the last few years has received the attention which its 
importance merits. 

Increasing recognition of the loss due to bacterial diseases impressed upon plant 
pathologists the need for bringing this side of the science into line, and the mfxleni 
tendency is to separate bacterial pathology" as a distinct branch of study with its 
technique and methods of treatment. It forms in fact a link between fungal pathology 
and virology, on the one hand, and medical bacteriology on the other. It is inevitable 
that plant bacteriology should be highly colouretl by, and derive many of its methods 
and criteria from, the older medical science, but gradually a distinct technique is 
bei^ evolved. 

From this point of view of plant bacteriology as a separate study the book under 
review meets a very definite ne^. The works of Smith and Staj^ deal with the subject 
from the standpoint of the disease and the host respectively. In this new volume the 
author’s purpose is “ to place emphasis on the causal organism and to bring together 
in one publication a complete alphabetical list of bacter^ plant pathogens and asso¬ 
ciated organisms together with their synonyms and the source and date of publication 
of each name.” The book is divided into three parts; the first part, which forms 
three-quarters of the whole volume, consists of an alpbateticai list of all known patho¬ 
gens. The author, recognising the confusion which exists in bacterial classification, 
considers it ‘‘least confusing to follow the system of nomenclature under which the 
largest number of bacterial plant pathogens have been named.” She therefore adopts 
Smith’s modification of Migula's system, dividing the bacteria into the genera Bacutus, 
Baderiumf and Ajdandbaater. It would apj>ear however that an even less confusing 
method would have been to disregard generic terms and arrange the bacteria in 
alphabetical order of specific name throughout. This may sound unscientific, but it is 
doubtful if any of the present classifications can be described as “scientific,” and at 
least it would help in ease of reference. The second part comprises a list of non- 
pathogenic organisms which are commonly found in association with plant diseases. 
Some of these were described by their discoverers as pathogens, but the evidence is 
inconclusive, and for this reason the author includes them with the known saprophytes. 
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This critioiem may be, and in fact is in this book, levelled at certain of the organisms 
listed among the pathogens. There seems, for example, to be little reason to include 
the Bacillus gossypina of Stedman or the B, sacckari of Janse among the pathogenic 
group, for tiiese, and several others so included, have little more claim to be considered 
as true parasites than some of the organisms placed in the non-pathogenic group. 

The third part consists of a chart of the morphological, cultural and physiological 
characters of the pathogens arranged in chronological order of discovery. It is difficult 
to see why this arrangement was chosen, for it makes reference to a particular or* 
ganism much more difficult, since few workers know offhand the date of discovery of 
a particular organism. To have adopted the alphabetical order of the text would have 
made this section much more useful. It is unfortunate that the details in this chart 
should be so incomplete, but this is not the fault of the author. 

Perhaps the most useful feature of this book is the very complete bibliography given 
for each organism. Notes are given concerning many of the references, and in future 
editions these comments and abstracts might usefully be extended, since with so 
exhaustive a list it is sometimes difficult to distinguish the more important references 
from those which contain a mere comment on the disease, or some small point in 
connection with it. In spite of the criticism to which this book is open, it is a valuable 
contribution to the field of bac'terial phj-topathology and should be in the hands of 
every research worker on the subject. 

R. H. STOUGHTON. 


Fiiffgous Diseases of Plants in Agricidtvre, Horticulture and Forestry, 
By Jacob Eriksson. Second Edition translated from the Uerman by 
William Goodwin. Pp. vii -f 526. 399 figs. Baillike, Tindall and 
Cox. 1930. Price 35s. net. 

When, twenty years ago, Eriksson first published his book on plant diseases there 
w<*re very few text iKKiks available on this 8ubje<*t. Even the small volume was, there¬ 
fore, a welcome addition to the literature, and German and English translations 
appeared almost immediately. For some years it has been only too heavily impressed 
upi>n the time and |X)ckets of all working scientists that to the making of books 
there is no end, and the making of a new book by any author requires a great deal of 
justifieatum. In 1926 and 1928 Eriksson produced the two volumes making the second 
edition of his Die PUzkrankheiten, and now l^ofessor (ioodwin has made another book 
^by translating these into English. This volume is the Iarg(‘st single book produced in 
this country c>n Fungous Diseases of Plants, and it has all the format of a reliable 
standard work. In spite of this it is ray t>pinion that its translation and production 
were not justifiable. 

The bo<^k opens with two pages on the structure and nature of fungi, followed by 
two chapters dealing resjiectively with diseasiMj caused by bacteria and myxomycetes. 
In the next eighteen chaptero the diseases due to fungal invasion are considered in 
order of classification of the fungi concerned. Chapter xxi is beaded Diseases not 
Fully Investigated,” and includes grey*s|.K)t of oats, die-back of elms and certain 
virus diseases. There follow a few pages devoted to general methcKls employed against 
plant disimses, an Appendix in which the fungous diseases are tabulated according 
to their host-plants, and a general index. The volume is illustratfxl by 309 figures in 
the U'xt, three being the rather crudely coloured figures of nist fimgi from the original 
edition. 

In his preface the author states that he is “conscious of the numerous deficiencies 
of my book,” and many of these deficiencies are so obvious that the author liad no 
right to leave them uncorrected for the bewilderment and misleading of students. 
Tne numerous misprints are annoying; the errors of fact are serious, and the extent 
to which the myooplasm hypothesis is pushed is almost ludicrous. The illustrations 
as a whole are poor, and some are probably as bad as any that have been published 
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in pathological literature; legends are occasionally inaccurate and, save for a rare 
“highly magnified,” there is no indication of size. Each disease is followed by 
references and, looking at random through these, one finds that the latest citation for 
powdery mildew is 1904, for plum pocket 1895, chrysanthemum rust 1903, covered 
smut of barley 1888, downy mildew of cucumber 1904, sooty mould of cereals 1897, 
vine anthraonose 1905, and so on. Even on Phytophthora bhght of potato the latest 
reference is 1919. But for a few comments and references \rhich, one suspects, have 
been inserted by Mr Goodwin, the volume is almost entirc^ly “ pre-war’’ in its matter, 
points of view and apj>reciation of values, and in my opinion it would liave needed 
complete revision by an up-to-date plant pathologist to have made the labour of 
translation in any way worth while. Finally the book costs 35*\ 

WILLIAM B. BRIERLEY. 
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